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TO    THE    TEACHER 


IN  this  book  will  be  found  an  unusual  number  of  prob 
lems.  It  is  not  intended  that  each  member  of  each 
class  shall  work  all  of  the  problems.  It  is  hoped  that 
they  are  sufficiently  numerous  and  varied  to  enable  you 
to  select  what  you  need  for  your  particular  class.  No 
author  can  make  a  comfortable  Procrustean  bedstead. 

You  would  do  well  to  secure,  in  the  fall  of  the  year,  a 
ijupply  of  the  pith  of  elder  or  sunflower  stalk,  and  several 
full-blown  thistle-heads,  that  they  may  bo  well  dried  and 
ready  for  experiments  in  electricity  during  the  dry,  cold 
weather  of  winter. 

The  author  would  be  glad  to  receive  any  suggestions 
from  any  of  his  fellow-teachers  who  may  use  this  book,  or 
to  answer  any  inquiries  concerning  the  study  or  apparatus. 

Most  of  the  apparatus  mentioned  in  this  book  may 
be  obtained  from  James  W.  Queen  &  Co.,  Philadelphia. 

The  author  has  prepared  a  Teacher^s  Hand-Book  to 
accompany  this  volume,  with  answers  to  the  problems, 
and  much  additional  matter  of  interest  to  teachers  of 
Natural  Philosophy. 


n   i^ 


o 

<1 


O 

H 

S 


o 
o 


o 

Eh 

s 


e 

GQ 


ELEMENTS 


V. 


OF 


Natural  Philosophy. 


A    TEXT-BOOK 


FOR     HIGH     SCHOOLS    AND    ACADEMIES 


BY 


ELROY   M"  AVERY,  Ph.D.. 

AtlTHOK    OP    A    SBRIES    OP    PHYSICAL    SCIENCE    TEXT-BOOKS. 


ILLUSTRATED    BY  MORB   THAN  4«>  WOOD    ENGRAVINGS. 


SHELDON    AND     COMPANY, 


iiEW^ORK    ANl 


HEW^ORK    AND    CHICKQO. 

PS-' 


■IK 

•jl; 


>  I.' 


. .  <  1 


347436 


XST'  •■ 
LCE.\    ( 


Dr.    AVERY'S 


-  /■-    .        ^  I  «  , 


I    ^'     .  O 


PHYSICAL    SCIENCE     SERIES. 


'St 


FIRST     PRINCIPLES     OF     NATURAL     PHILOSOPHY. 


2>d. 

THE    ELEMENTS    OF    NATURAL    PHILOSOPHY. 


3d. 
THE     ELEMENTS     OF     CHEMISTRY. 


4th. 

THE    COMPLETE    CHEMISTRY. 


Thii  contftins  the  Elements  op  Chemistry,  with  an  additional  chapter  on 
Hydrocarbons  in  Series  or  Organic  Chemistry,  It  can  be  used  in  the  same  class 
with  Thk  Elements  of  Chemistry. 


Copyright,  rli?*^,  i835,  by  Shrid^M  6*  Company. 


M*ft  otrpeti  hjr  Smith  A  MrDnaoAi-, 
HJJBeekmnn  »t..  ff.-wr  Yn.k. 


^r^on.  Josepn    H.    CYioati%, 


Chaptei^  I. 


DOMAIN    OF   PHYSICS.— THE  PROPERTIES  OF 
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j@j5>ECT10N  I. 

THE    DOMAIN    OF    PHYSICS.    OR    NATURAL 

PHILOSOPHY. 

lutrotliictoi'j'. — Oil  tlie  jiage  opposite,  you  have  an 

itline  map  of  tlie  wide  realm  of  hiimtin  Iciiowleilgi?.    As 

from  a  mountain  top,  jon  look  upoti  tlie  pliiin  liolow,  anil 

clearly  see  the  pusitioQ  of  each  province,  and  its  rflatioii 

to  ita  neighbors.     Tiirough  some  of  tliese  provinces  you 

may  liavc  paSBod,  and  with  them  have  become  morc  or 

leas  familiar.     From  the  whole  number  wc  naw  select  one 

Jhftt  pn^mises  enough  of  interest  and  profit  to  justify  (ho 

i  and  effort  of  careful  study.     Not  satisfied  with  the 

JOry  glance,  we  seek  more  definite  information.    For 

I  must  leave  the  peak  and  enter  the  plain;   for 

IDiigli  distance  may  lend  an  enchantment,  it  also  begets  n 

8  fatal  tci  our  pnr[)0SG. 


is    Science  ?  —  Science  is  classified 


[1.  What 

mwledge. 

I  person  may  have  lived  for  years  among  planta,  have 
f  a  nisi  store  of   information    concenMBij  ftiei^i 
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low  that  thia  one  grows  only  in  wet  ground,  that 
valoublo  for  giicli  iiiiil  gnch  iin  end,  au<1  tlitit  a 
lafi  certaiu  furui,  size,  iiuil  color.  This  gcnural  infonrnk 
tioa  may  be  viiliiibie,  but  it  la  only  when  the  facts  are 
classified,  and  the  plants  grouped  into  their  respective 
orders,  genera  and  species,  that  the  knowledge  becomes 
entitled  tu  the  name  of  botany,  a  science. 

2.  Wliat  is  Matter? — Matter  is  anyihtjig  thai 

occupies  space  or  "  takes  up  room." 

There  are  many  realities  that  are  not  forma  of  matter. 
Mind,  truth,  and  hope  do  not  occupy  space ;  tlic  earth  and 
the  rain -drop  do. 

3.  Divisions  of  Matter. — Matter  jnaij  he  cort- 
sidered  as  existing  in  masses,  molecuZes,  and  atom& 

A  clear  apprehension  of  the  meaning  of  these  terms 
ia  essential  to  a  full  understanding  of  the  detiuitiori  of 
Physics  as  well  aa  of  much  else  that  follows. 

4.  AVhat  is  a  Mass  ? — .4  mass  is  any  tpiartUty 

'  matter  that  is  composed  of  vi/iLecjil^a. 
The  word  molar  is  used  to  describe  such  a  collection  of 
moleculcB. 

{a.)  The  term  niass  also  has  refereniw  to  real  quantity  as  itiEtJn. 
guished  from  apparent  quantity  or  size.  A  sponge  may  be  com. 
pressed  so  as  to  Bcem  much  sniflUw'  than  at  first,  but  all  of  th« 
spnng(!  is  Btill  there.  Its  density  is  changed  ;  ita  quantity  or  mail* 
remains  tlia  same.  Tliis  double  use  of  the  word  ia  unfortunate, 
but  the  meaning  in  any  given  case  may  be  easily  inferT>yi  from  tha 


(A.)  Ilie  quantity  of  matter  constituting'  a  mass  is  not  nccessarilj 
great.  A  drop  of  ivaCer  may  contain  a  million  animalcules  ;  eauh 
nninutlc^ule  is  a  mass  aa  truly  aa  tlie  grpatesl  monster  of  the  land  or 
aes.  The  dewdrop  and  the  ocean,  clusters  of  grapes  and  clusteta 
^'fi^stwB.  Mre  equaJlj-  masses  of  matter. 


I  Wliat  is  n  Molecule?— vf?  molecule  U  tJir 

tt  iiutiti-tihj  of  motti'.r  tJiiif  ran,  eJcM  hi/  Uavlj'- 
■  jihyKii'Hl  iiiiil  of  matter  uud  can  l)C  divided  uiily 
iheiuicul  meaas. 
^^^  )  We  know  tLat  a  drop  of  water  may  be  divided  Into  severs] 
fOKta,  tod  eai'h  of  these  into  aever&l  otliera.  ench  part  etill  l>eiiig 
water.  Tlie  aubdiviaion  aia,y  be  carried  oa  outl]  w?  rcuFli  n  limit 
Cied  bj  the  groBaoeBa  of  our  iuatrumt-ntfi  and  tIbiod;  encb  jiiiitlcle 
BtiU  ia  water.  Even  noiv,  imagination  muy  carrj  forwurd  Ihf 
work  of  aubdlvi^n  until  at  last  we  teaeli  a  limit  bejond  wblcb  we 
cannot  go  without  destroying  the  identity  of  the  subBtance.  In 
other  worda,  we  have  a  quantity  of  water  ea  small  that  if  we  divide 
it  again  it  wilL  cease  to  be  water ;  3t  will  be  aomi'thlng  else.  This 
smallest  quantity  of  iitattcT  that  can  exint  by  itself  and  retain  its 
identity  ia  called  a  molecule.  The  word  moleciiU  mennH  a  Ultl* 
maM.  (Sou  AviTy's  ('IjHniiBtr)".  S  4.) 

[b.)  The  BiimlleEt  interval  that  can  be  dislioctly  sn-n  nitb  t]i(> 
micpos<'0|ie  is  about  ^„il„ii  ineli.  It  lias  Ih-oq  talculntoil  tliat  about 
2000  liquid  water  molecules  might  be  placed  in  a  row  within  bucIi 
SO  interval,  In  other  words,  an  ttggre(;etion  of  8,000,1100,000  water 
eeult-B  is  barply  viBiblc  to  llit  biat  moilyrii  inicrosi.'opeB. 

What    IH    ail    Atom?  —  ^ri-    aUmi    in    the 
quantitij  of  matter    that  can   enter   into 
lination.      It  is  lln' i-ln-mii.'al  unit  i>f  iiialliir'  :uu{  is 
lidered  indiviei'ile. 


^^Mocult-ei 

^H.  Wt 


nearly  every  c 


1  iltol 


I  ]mr 


t,  of  a  molecule. 


(a.)  If  a  moleculo  of  water  be  divided,  it  will  cease  to  be  water 
ot  all,  but  will  yield  two  atoms  of  hydrogen  and  one  of  oijgen. 
The  molecule  of  common  salt  consists  of  oue  atom  of  sodium  and 
one  of  rhlorine.  Some  molecules  are  very  romplex.  The  common 
sugar  molecule  contains  forty  .five  aloms. 

(6.)  Atoms  make  molecules  ;  molecules  moke  massea.  Of  the 
dbitDtute  size  and  weight  of  al^ras  and  molecules  little  is  known  ; 
of  their  Ttlutlcf  size  and  weight  mucli  is  known,  and  fonua  an  im. 
pvrtant  part  of  the  science  of  chemistry. 

7.  Forms    of  Attraetioii.— Eacii  of   these   three 
ws  uf  mattee  has  its  own  form  of  attcactWu* 


4  THE  BOMALV  OF  PHYSICS. 

Molar  attraction  is  called  gravitation. 

Molecular   attraction   is   called   cohesion    or  adhe' 

sion. 
Atonili^  attraction  is  called  chemical  affinity  (chem- 

ism). 

8.  Forms  of  Motion. — ^Each  of  these  three  divi- 
sions of  matter  has  its  own  form  of  motion  : 

Molar  motion,  or  visible  mechanical  motion,  is  called 
by  different  names  according  to  the  nature  of  the 
substance  in  motion ;  e.  g.,  the  flow  of  a  river  or  the 
vibrations  of  a  pendulum. 

Molecular  motion,  called  heat,  light,  electricity,  or 
magnetism. 

Atomic  motion.    (Purely  theoretical  as  far  as  known.) 

9.  Physical  Science. — Physical  science  com- 
prises Physics  and  Chemistry. 

The  first  of  these  deals  with  masses  and  molecules ;  the 
second  with  atoms  and  combinations  of  atoms. 

10.  Wliat  is  a  Physical  Change?— A  physi- 
cal change  is  one  that  does  not  change  the  identity 
of  the  molecule. 

{a.)  Inasmuch  as  the  nature  of  a  substance  depends  upon  the 
nature  of  its  molecules,  it  follows  that  a  physical  change  is  one  tliat 
ioes  not  affect  the  identity  of  a  substance.  A  piece  of  marble  may 
be  ground  to  powder,  but  each  grain  is  marble  still.  Ice  may 
change  to  water  and  water  to  steam,  yet  the  identity  of  the  sub- 
stance is  unchanged.  A  piece  of  glass  may  be  electrified  and  a 
piece  of  iron  magnetized,  but  they  still  remain  glass  and  iron.  These 
changes  all  leave  the  composition  and  nature  of  the  molecule  un- 
changed ;  they  are  physical  changes. 

11.  WJjat  is  a  Chemical  Cliange  ?— .^  chem^U 
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cat  change  is  one  that  does  change  the  identity 
of  the  molecule. 

(a,)  If  the  piece  of  marble  be  acted  npon  by  sulphuric  acid,  c 
brisk  effervescence  takes  place  caused  by  the  escape  of  carbonic  acid 
gas  which  was  a  constituent  of  the  marble;  calcium  sulphate 
(gypsum),  not  marble,  will  remain.  The  water  may,  by  the  action 
of  electricity,  be  decomposed  into  two  parts  of  hydrogen  and  one  of 
oxygen.  The  nature  of  the  glass  and  iron  may  easily  be  changed. 
These  change  the  nature  of  the  molecule ;  they  are  chemical 
changes. 

13.  Definition.  —  Physics,  or  Jfatwral  Philos^ 
ophy,  is  the  branch  of  science  that  treats  of  the 
laws  and  physi^iol  properties  of  matter,  and  of 
those  phenomena  that  depend  upon  physical 
changes. 

Recapitulation. — To  be  reproduced  and  amplified 
by  the  pupil  for  review. 
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Section  n, 


THE    PROPERTIES    OF    MATTER. 
13.   Properties  of  Matter.— ^ray  qu-aliby  thai 

I  Moii'^s  tu  matter  or  is  characteristic,  of  it  is  called 
a  property  of  matt&r. 

Properties  of  matter  are  of  two  classes,  physiciil  and 
chemical. 

114.  What  are  Phy Hical  Properties  t—T'hyd- 
Cfd  finjperties  are  sii-ch  as  may  be  manifested 
viithimt  clinnging  Ikp  idetUitij  of  the  ttwUcide  (g  10).. 
(<r.]  A.  piece  of  coal  tak<^B  u]i  room,  it  is  liard  nod  ')i(«v;,  it  tMSf 
not  move  itself.  Tlieae  Beveral  qualities  or  properties  tlie  coattn^' 
exhibit  ami  still  rmuaiii  coiil.  or  atUl  retain  ita  identitj.  They  ht^ 
then-Core,  pliyaieal  properties  of  coal. 
15.  Wliat  are  Clieniical  Properties  ? — Chent- 
ioail'  Properties  are  such  as  cannot  be  manifeated 
without  cltanging  the  identity  of  the  moleeviie  (§  11)l 
(a.)  A  piece  of  coal  may  be  bamed  ;  therefore  combustiUlity  f§ 
B  property  of  the  coal.  This  property  hus  been  held  by  the  ooi^ 
for  countless  uges.  but  it  never  hna  been  shoirn.  Further,  thV 
piecii  of  coal  never  cnn  bIiow  tliis  property  of  comboHtibllity  wiUi- 
oiit  ceusing  tu  ciiat  as  coal,  withont  losing  its  identity.  When  the 
^L  coal  Itt  iiuroi^d.  the  molecules  are  changed  from  coal  or  carbon  tQ 
^H      carbonic  auld  gus  (('0^,). 

^L  IG.  Experiment. — Take  a  piece  of  ordinary  suV 
^^m  pliur  (brimstone)  aud  attempt  to  pull  it  in  pieces;  tljji 
^^B  ilegit-e  of  its  rcsiBtancp  tn  this  .^ffoi't,  nr  ita  Ifvadtj/f 
^^H  tneasiiv's  llic  uttnu-^Hon  of  t!ia  tiiolcciik'S  lor  ciuiii  othor. 
^^J  #M')i-e  if.  with  a  Immmer,  and  it  breuks  into  miinv  piecos, 
^^t^ufiJtmii^tiiig  ita  briftkneM  ;  bat  eucVi  £\eiufi  i&  ot^o^ 
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eulphiir.     Heat  it  in  a  Bpooa,  and  it  aeBnmcs  the  liqniil 

form,  but,  it  is  sulpliui  jet.  1  In  none  of  thi^se  chauges  liaa 
the  nature  of  the  molecule,  or  the  identity  of  the   sub- 
stance- undergone  any  change.      On   the  uthor  hand,  il 
the  sulphur  be  heated  sufficiently  it  will  take  lire  and 
burn,  producing  the  irritating,  suffocjifciug  g:ts  fauiiliar  to 
all  through  tht-  use  of  common  raatchce.    We   thus  boo 
that  the  sulphur  ig  combustible.    This  combustibility  is 
B^  chemical  projierty,  in  the  manifestation  of  which  the 
^Kntity  of  the  substance  ia  destroyed.     Before  the  mani- 
Hktation  we  had  sulphur;    after  it  wo  have  sulphurous 
^Wiydride  {SO,).      The  original  molecules  were  elemcn- 
^Bty,  composed  of  like  atoms ;    the  resultant  molecules 
^■o  compound,  composed  of  unlike  atoms,  sulphur  and 

BlX  Division  of  Physical  Properties.— PI  lysi- 

^B  properties  of  matter  are,  in   turn,  divided  into  two 
^■ksses,  unlversaf/  and  characteristic. 

^Bl8.  What  are  Universal  Properties? — Uni- 

^Btrao/  properties  of  matter  are  such   as  belong   to 

^K  matier. 

^K^l  anbstauces  possess  them  in  common ;  no  body  can 

^Hst  without   them.     Wo  cannot  even  imagine  w  body 

^Hftt  docs  not  require  apace  for  its  existence,     This  qua!- 

^K  of  matter,  which  will  soou  ho  named,  ie,  therefore, 

^WT^rGal. 

^U9.  What' are  Characteristic  Properties?— 

^^gatracterist'ir,    proiiPrUva    iif    ntnttpr    lire    mtrh    ti.' 

^Bp/i>^  to  iihdttcr  of  f-iirtaiii  kinds  onlij. 

^Bpl}flj  enable  us  to  distingnish  one  aabstanw  ftuov  ^u 
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other.    Glass  is  brittle,  and  by  this  single  property  maj 
be  distinguished  from  india-rubber. 

30,  List  of  Universal  Properties.— The  prin- 
cipal universal  properties  of  matter  are  extension,  im' 
penetrability,  weight,  indestructibility,  inertia, 
mobility,  divisibility,  porosity,  compressibility,  ea> 
pansibility,  and  elasticity, 

31.  List  of  Cliaracteristic  Properties. — ^The 
characteristic  properties  of  matter  (often  called  specific  or 
accessory  properties)  are  numerous.  They  depend,  for  the 
most  part,  upon  cohesion  and  adhesion.  The  most  im- 
portant characteristic  properties  are  hardness,  tenacity, 
bHttleness,  malleability,  ductility • 

33.  Wliat  is  Extension? — Extension  is  that 
property  of  matter  by  virtue  of  which  it  occupies 
space. 

It  has  reference  to  the  qualities  of  length,  breadth,  and 
thickness.  It  is  an  essential  property  of  matter,  involved 
in  the  very  definition  of  matter. 

{a.)  All  matter  must  have  these  three  dimensions.  We  say  that 
a  line  has  length,  a  surface  has  length  and  breadth  ;  but  lines  and 
surfaces  are  mere  conceptions  of  the  mind,  and  can  have  no  material 
existence.  The  third  dimension,  which  affords  the  idea  of  solidity 
or  volume,  is  necessary  to  every  form  of  every  kind  of  matter.  No 
one  can  imagine  a  body  that  has  not  these  three  dimensions,  that 
does  not  occupy  s]>uce,  or  "  take  up  room."  Figure  or  shape  neces- 
sarily follows  from  exttmshm. 

23.  English  Measnres.— :For  the  purpose  of  com- 

piirin<i^  volumes,  as  well  as  surfaces  and  lengths,  moasurca 

are  necessary.     In  the  United  States  and  England  the 

yar/-^  has  been  ^opted  as  the  unit,  and  its  divisions,  ^ 


feet  and  ioches,  together  with  its  multipltiB,  as  ru(U  and 
miles,  are  ia  familiur  use.     This  unit  in  dolcriiiinei.1  by 
certain   bare,  carefully  preserved  by  Ihe  govcr. 
tiniAH  Lwu  nations. 

24.  Metric  Measures.— The  inl^rnational  ayfltem 
lias  the  merits  of  a  less  arbitrary  fonndation  mid  of  lar 
greater  convenience.  From  itn  nnit  it  is  kjiowu  as  tht 
metric  system.  This  eyst*m  is  in  familiar  nee  in  most  of 
the  cuuntnes  of  continental  Euro|ie  and  by  Bcientilic 
writers  of  all  nations,  and  bids  fair  to  come  into  general 
uae  in  this  country.  For  these  reasuns,  as  well  as  for  its 
greater  oonvenieuce,  an  acf|naint)ince  with  this  system  it 
desirable,  and  will  soon  be  necessary.  It  has  bet'D 
:j  legalized  by  act  of  Congress. 

35.  Definition  of  Meter.— The  meter  was  in- 
tended to  he  foHy-miUionth  uf  this  i-iu-th's  nt-cridiiin 
which  parses  through  Paris,  or  as  the  tcn-miliionth  of  a 
quadrant  of  such  a  meridian.  It  is  eifita/  to  .30.37 
inches.  Like  the  Arabic  system  of  notation  and  the  table 
of  U.  S.  Money,  its  divisions  and  multiples  vary  in  a  ten- 
ratio. 

Metric    MciisureH    of   Leiigtli.  —  Ratio 
:10. 

(mm.)=         ,00 


nd       1 

by 


^Uread: 
f  25. 
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IVote. — The  tuble  may  be  read :   10  lailliineterB  nufcfl  I 

centiriiBter  ;   lU  citntimctiTS  miike  1  decjmi'tpr,  etc     Tli« 

deDominatioaa  most  used  in  practice  are  printed  in  itelicx. 

The  system  of  nomenclatare  is  very  simplp.     The  LaUo 

preSies,   vuBi-,  emti-,  and  ded-,  aignlfylng  respectively 

Til'(in>  T^Di  ^"'^  lV'  B^<^  already  familiar  In  the  mill,  cent, 

IJ   anil   dime  of   U.   S.  Money,  are   used   fur  the  diviuona, 

H   while  the  lireek  prefisna  dekti-,  tmkto-,  kUu-,  and  myria-, 

;-  signifying  respectively  10,  100,  1000,  and  10000,  are  used 

%  for  the  multiples  of  the  oMt.     Bach  name  m  accented  on 

!1   the  firet  syllable. 

Q      37.  Metric    Measures    of   Surfece.— 
^  Riitio  =  1 :  10*  =  1 :  lOO. 


H.J  Sqnar 
1  Sciuar 


millimeter 

{>q-  mm. 

=  0.00000 

«?. 

centimeter 

(«3  (m.) 

=0.0001 

decimeter 

(*7,  dm.) 

=0.01 

meter 

(*J.  m.) 

=1. 

Fig. 


J       Note. — The  table  may  be  read :   100  aq.  tarn.  =  1  «g,  em, ; 

E   100  *g.  cm.  =  1  sg.  dvt..  etc.     Tlie  reason  for  tlie  change 

S  of  ratio  fmm  10  lo  11)0  mey  be  ilunrly  «hcnvn  by  represent- 

ing  1  Kq'.  dm,,  and  dividing  it  into  aq.  cm.  by  lines,  whicli 

shall  divide  each  aide  of  the  ng.  dm.  into  10  equal  parts  at 

centimeters. 

38,    Metric    Measures  of  Volume. — 
,    Ratio  =  1 :  10=  =:  1 :  lOOO. 


1  Cubic  millimeter  (cii.  mm.)  =  O.OOOOOOOOl  dm. 

Ciibk  wnfimeler  (eii-  em.)   =  0.OOO001 

Cubic  decimeter  (ca.  dm.)   =0.001 

Dbtp.  OiMt  metef  [c«.  m.)     =  1.308  cu.  yds. 


39.  Metric  Meannrcs  of  rapacity. — Ratio  = 

■  10. — Foi'  iiijtiiy  iiiir[iusos,  bul-H  jls  ihu  meitsiu-cinPiil   of 

LHrticles  usually  sold  by  dry  hikI  liquid  measures,  a  ^malleT 

w/t  than  the  cabio  meter  is  dcsira'jle.    Pyr  buoIi  pitrpoees 


(  citMc  deeimeter  has  been  seleoted  »  the  staitduM, 
i  whea  thus  used  is  called  a  liter  (proiiomicuil  leeler) 


fMUUHter    (nU.)  =      la 

iLcm.^O.06IO22ca.la^ 

IBIOHS. 

i  Centiliter   {d-)    =     JO 

"     =  i}.sm  fld.  02   H 

t  DML-iliter     (di.)   =   100 

■■       =  0.645  giU.        ^ 

T. 

LUer         ((.)     =1000 

"       =  1.0567  liquid  qts 

■  Dekaliter   {Bl.j  =     10  c 

n,  dni.=  11.08  dry  qts. 

[.TIPIJIS. 

.    IIektoliter(m.)  =  100  c 

u.dm.=  3bu-a,a.5pkii. 

Kiloliter    (Ki.i  =       1  c 

Q.m.=  204.17  gala. 

%B0.  Comparative  Helps. — It  may  bo  noticed  ibat 
the  711.  corres|)OD(ls  Bomewbut  closely  to  the  yard,  which  it 
»iU  repliice.  Kilometers  will  be  used  insteud  of  miles. 
The  cu.  cm,  ina.y  be  repi-esentcd  by  the  ordinary  die  used 
in  playiug  backgamni  jn.  The  /.  does  not  differ  very  mnch 
Jpom  the  quart,  or  the  Dl  from  the  pock,  which  they  will 

Kpectively  replace.     In  fact,  the  I.  is,  in  capacity,  inter- 
diate  between  the  dr)  and  liquid  quarts. 
.Jl.  Wliat    is    Impenetrability?— /w/>(?/icirra- 
hility  is  that  property  of  matter  by  virtue  of  which 
tu!o   bodins  cannot  occupy   tJie   same  space  at   t/wj 
^^■toM  time. 

^^^K.1  ItlQstratioiis  of  tlJs  property  are  very  simple  and  abundant 

^^^Knst  a  Guger  into  n  tumbler  of  water  ;  it  is  orident  tljat  the  watsr 

^^ma  tlie  finger  are  not  in  the  same  place  ai  tlie  same  time.    Drive  a 

nail  into  n  piece  of  wood  ;  llie  particles  oE  wood  are  either  crowdeii 

inorp  cloBely  together  to  give  room  for  the  nail,  or  some  of  thein  are 

driven  out  before  it.     Clearlj,  the  iron  and  tho  wood  are  not  ii 

le  place  at  the  same  time. 

03.   Kxperiiiu'iit. —  Thrimgh   one  eorlc   of  a  i 
[  huttio  pass  a  small  fiuiiiel  or  "  fchistle-tiibe," 
kaxteud  nearly  to  the  bottom  of  the  bottle.     Throng 


within  the  neck  of 
a  clear  „'lass  bottle 
fillod  with  water, 
and  inverted  in  tlie 
water-pan.  See  that, 
the  corks  are  air- 
tight ;  if  netieBsary, 
aval  them  with  wax 
or  piaster  of  Paris. 
If  ii  two-iiecktid  hot- 
tlo  he  not  convenient, 
substitute  therefor  a 
wide-moathed  bottle  having  two  liolea  tlirougU  the  cork. 
The  delivery  tube  is  beat  made  of  glass.  It  may  bo  eaoly 
hunt  by  hiiib  heatiug  it  ruil-hut  in  an  alcohol  or  gas  flame. 
Pour  water  steadily  through  the  funnel ;  as  it  descentls, 
air  is  forced  out  through  the  delivery  tube,  and  may  be 
Been  bubbling  through  the  water  in  the  inverted  bottle. 
At  the  end  of  the  exporiincnf^  the  volume  of  water  in  the 
two-aockod  bottle  will  bo  nearly  eqnal  to  the  volume  of  air 
in  ttie  inverted  bottle.  Tbia  clearly  ebowa  the  impene- 
btibility  of  air. 

33,  "Wliat  Is  Welebt?— Weight  U  (as  the  term 

is  generally  used)  tha  m^easurs  of  gravitij  or  molar  iit- 
traetJon  (§  T)  of  which  it  is  a  necessary  consequence. 

{a.)  As  nil  inasaeH  of  matlpr  exert  this  force,  weight  nec^ssBril; 

piTtains  In  n/i  iiinttiir;  but,  in  general  ubp,  thu  tirm  weight  liuB 

ft'ferBiii:e  to  Wlies  uiioii  the  curth.     If  a  Ixvly  be  [iliu'ed  wear  t'jB 

eitrtli'B  Biirfuce  and  left  uusiipiioi'teil,  the  tnaas  attm<^ti(iii  of  tbo 

L  Bftrtb  for  cadi  molecule  in  the  body  tvill  diiiw  the  two  together,  aiHt 
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id  to  full  te  the  earth.  But  in  tliln  c«8n  we  haTe  n 
LB  of  meaBuring  the  force  that  draws  ihr;  Hvo  ImtlicB  tiigi-tbRr. 
~  e  body  he  supported,  the  force  acts  as  before  and  produces 
preeeure  upon  the  supporting  snhstance.  This  pressure  measures 
the  attractive  force  acting  between  the  earth  and  the  hody.  and  ia 
called  tosight.  If  a  aecond  bodj  tLke  the  Brat  be  placed  beside  It, 
the  moss  attraction  of  the  eurth  is  eiertal  upon  twice  as  many 
moleculi'S,  and,  reciprocally,  the  attraction  of  twice  as  many  iqoIo- 
cules  is  pxerted  upon  the  earth;  i.  e.,  the  attraction  lias  lieeoiun  twice 
SB  gtveX,  and  the  measure  of  tliat  attraction,  or  tho  weight,  liaa  l>ecn 
^^^Ubled. 

^^KA.)  If  the  same  body  were  upon  the  moon,  its  weight  would  he 
^^^B  measure  of  the  attraction  existing  between  the  body  and  the 
^^^BOU.  But  PS  the  moss  of  the  mtx>n  is  less  than  that  of  the  earth, 
^^^Se  attraction  between  the  body  and  the  moon  would  be  lees  than 
that  between  that  IkxIj  and  the  earth,  and  the  weight  would  be 
proportionally  diminished. 

.34.   English   Measures  of  Weight.— For  th« 

pariflou  of  weights,  aa  well  as  of  extension,  atandarda 
necessary.  In  England  and  the  United  States  the 
poand  is  taken  aa  the  unit.  Unfortunately,  we  liave 
pounds  Troy,  Avoirdupois,  and  Apothecaries',  the  use  vary- 
ing with  the  nature  of  the  transaction.  Aa  with  the  yard, 
these  units  are  arbitraiy,  determined  by  certain  carefully 
preserved  standards. 

Metric    Measures   of   Weight.  —  Ratio 
:10. 

[■Milligram      (ni^.)  =     0.0154  grains 
W8,     J  Centigram     tc-ti.)     =     0.1543      " 


Dekagram     {Bg)   =    0.8637  oa.  n 
Helctngram   (//f)   =     3.5274    " 


Mj-riagram  {Mg.)    ~  23.046 


what  weigb'i 
liow  much  trill  1350 
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THE    I'llOfKllTIES    OF  MATTER.  ^^H 

"■  36.  What  is  a  Gram  ?— ^  gram  is  the  weight 
b/'  one  cu.  cm.  of  pu,r6  water,  at  its  temperature  of 
reatest  deusity  (4°  U  or  aa.a"  F.).     A  5-cent  nickel  coin 
lireighe  5  g. 

Exercises. 

1.  How  much  water,  by  weight,  will  a  liter  flnsk  contain) 

S3.  If  Bulphuric  ai;id  is  1.8  times  as  heavy  as 
of  the  BgiA  will  a  liter  flesk  contain  1 

8.  If  alcoLoi  ia  0.8  times  as  huuvy 
ru.  em.  at  alcohnl  weigh  1 

4.  What  part  of  a  liter  of  water  is  2.50  jr.  of  wat«i  f 

5.  Whai  is  the  weight  of  a  ea.  dm.  of  water ) 

6.  What  ia  the  weight  of  a  dl.  of  water? 

37.  What  Is  Indestructibility?— /^(^esiTTMjK- 

irility  is  that  jyropeHy  of  matter  by  viHue  of  which 
a  caritwt  be  destroyed. 

('(.)  Science  teiu^hea  t&b;  t1:8  univeiBe.  when  first  hurled  into  flpwe 
from  the  hand  ot  thtj  Creator,  contained  the  same  amount  ot  matter, 
and  even  the  same  quantity  of  each  element,  that  it  contains  to-daf . 
This  matter  hius  doubtless  existed  ia  dificront  forms,  but  during  all 
the  ages  since,  not  one  aimu  lins  been  gained  or  loat.  Take  oiibon 
for  instance.  Frnm  geology  we  learn  that  in  the  carboniferous  ag*^, 
long  before  the  advent  of  man  upon  the  eartli,  the  atmoB|iliere  WRf 
highly  eliarged  ivith  carbonic  acid  gaa,  which,  being'  aliaorbed  bj 
plants,  produced  a  vegetation  rank  and  luxuriant  beyond  rompariaon 
with  any  now  known.  Tlie  carbon  thus  changed  ffOlii  the  gaseous 
.-{o  the  solid  fnnn  was,  in  time,  buried  deep  in  the  earth,  where  U 
'bas  lain  for  untold  centnries,  tint  an  atom  lost.  It  is  now  mined  nB 
Coal,  bnmed  as  fuel,  and  thus  transformed  again  to  its  original 
gaseous  form.  Nu  human  being  can  create  or  destroy  u  single  atom 
3f  carbon  or  of  any  other  element.  Matter  is  indnatrucliblft. 
Water  eva)>orates  and  disappears  only  to  be  gathered  in  clouds  and 
condense  and  full  us  rain.  Wood  burns,  but  the  ashes  and  smoke 
contain  the  identical  atoms  of  which  the  wood  was  composed.  In  * 
different  form,  the  mattfr  still  exiats  and  wi'lglis  ns  much  aa  before 
the  comliustiiiu. 


S8,  What    is    IneviXiVi—hun-tia 


that  i 


Vt2/  of  mrMar  bij  virtue  of  which  it  is  incoj 
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ir  the     n 
en  at 


f  changing  its  condition  of  rest  or  motion,  or 

bperty  by  virtue  of  which  it  has  a  tendency  when 
t  to  remain  nt  rest,  oi  wlien  in  motion  to  continae  in 


'a,)  If  aball  be  thrown,  it  requiren  eitemal  force  topulH  In  mo- 

tloD;  t lie  ball  cannot  pat  itself  in  motion.    When  the  ball  is  paaning 

(hrough  the  air  it  baa  no  power  to  stop,  and  it  will  not  stop  until 

Bome  estemal  force  compels  it  to  do  so.     This  eiternai  force  may 

be  the  bat,  the  catcher,  tho  reaistance  of   the  air,  or  the  force  of 

gravity.     It  mast  be  something  outside  the  ball  or  the  ball  will  move 

on  forever.     llluBtrBtions  of  the  inertia  of  matter  are  ho  numerous 

ihat  there  bIiouU  be  no  diKculty  in  getting  a  clear  idea  of  this 

^^^roperty.      The   "running  jump"   and   "dodging"  of  the  plaj- 

^^BfOond,  tlie  frequent  falls  which  result  from  jumping  from  cars  in 

^^Hption,  the  backward  motion  of  the  pas.sengere  when  a  car  ia  sud- 

^^^Enity  started  and  their  forward  motion  when  the  car  is  suddenly 

^^nopped,  the  difficulty  in  starting  a  wagon  and  the  comparative  esse 

of  keeping  it  in  motioD,  the  "  balloon"  and  "  banner"  feats  of  the 

eircua-rider,  etc.,  etc.,  may  lie  used  to  iUustrate  this   property  of 


matter. 
K39.  J 

mpot 

^^land,  p] 


Fig.  3. 


39.  Experiment.— TJ|ion  thu 

of  the   fore-flnger  of   tlie  Icl'l. 

land,  place  &  common  calling-card. 
Upon  fhis  card,  and  directly  t 
tlie  finger,  pluce  a  cent.  With  tins 
nail  of  the  middle  finger  of  the 
right  liaiid  let  a  sudden  blow  or  "  snap  "  be  given  to  the 
card.  A  few  trials  will  enable  you  to  perform  the  experi- 
ment so  as  to  drive  the  card  away,  and  leave  the  coin 
resting  upon  the  finger.    Ecpeafc  the  experiment  with  the 

[^nation  of  a  bullet  for  the  cent,  and  the  open  top  of  a 
for  the  finger-tip. 

.  WImt   h:  MohilHy-i^MobUUu  is  fhfd  prn/i- 
matter  hij  u'lrtue  of  irhich  the  position  of 
t  may  foj  changed. 
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{a,)  A  body  is  any  separate  portion  of  matter,  be  it  laige  or  smallt 
as  a  book,  a  table,  or  a  star.  Tlie  term  is  nearly  synonymous  with 
mass,  but  has  not  so  distinct  a  reference  to  the  absolute  quantity  of 
matter.  Bodies  or  masses  are  composed  of  molecules  ;  molecules 
are  composed  of  atoms. 

(&.)  On  account  of  inertia,  the  body  cannot  change  its  own  posi- 
tion ;  on  account  of  mobility  any  mass  of  matter  may  be  moved  if 
sufficient  force  be  applied.  This  changing  of  position  is  called 
motion  ;  motion  presupposes  force.    (See  §  64.) 

41.  What  is  Divisibility? — DivisibUity  is  that 
property  of  matter  by  virtue  of  which  a  body  may 
be  separated  into  parts, 

(a.)  Theoretically,  the  atom  is  the  limit  of  divisibility  of  matter 
Practically  the  divisibility  of  matter  is  limited  before  the  molecule 
is  reached  ;  our  best  instruments  are  not  sufficiently  delicate,  out 
best  trained  senses  are  not  acute  enough  for  the  isolation  or  percep- 
tion of  a  molecule.  Nevertheless,  this  divisibility  may  be  carried 
to  such  an  extent,  by  natural,  mechanical  (physical)  or  chemical 
means,  as  to  excite  our  wonder  and  test  the  powers  of  imagination 
itself.  It  is  said  that  the  spider's  web  is  made  of  threads  so  fine 
that  enough  of  this  thread  to  go  around  the  earth  would  weigh  but 
half  a  pound,  and  that  each  thread  is  composed  of  six  thousand  fila- 
ments. A  single  inch  of  this  thread  with  all  its  filaments  may  be 
cut  into  thousands  of  distinct  pieces,  and  each  piece  of  each  fila- 
ment be  yet  a  mass  of  matter  composed  of  molecules  and  atoms. 
The  microscope  reveals  to  us  the  existence  of  living  creatures  so 
small  that  it  would  require  thousands  of  millions  of  them  to  aggre- 
gate the  size  of  a  hemp-seed.  Yet  each  animalcule  has  organs  of 
absorption,  etc. ;  in  some  of  these  organs  fluids  circulate  or  exist. 
How  small  must  be  the  molecules  of  which  these  fluid  masses  are 
composed  1  What  about  the  size  of  the  atoms  which  constitute  the 
molecules  ?  A  coin  in  current  use  loses,  in  the  course  of  a  score  of 
years,  a  perceptible  quantity  of  metal  by  abrasion.  What  finite 
mind  can  form  a  clear  idea  of  the  amount  of  metal  rubbed  off  at 
each  transfer  ? 

43.  Wliiit  is  Porosity? — Porosity  is  that  prop- 
erty of  matter  by  virtue  of  whioh  spaces  exist 
i?^i^ii/een^  the  iTwlecules* 


ETHE  FROPEilTIES  OF  MATTIiR. 
)  When  iiOD  is  h«Bkd,  (bo  molecules  are  piulied  fnrtlier  apiut, 
loies  are  enlargcil,  usd  we  say  Ihut  tlip  iruii  Iihk  (.'xpuiided.  U 
cc  of  iron  or  lead.  he.  haimuered,  it  will  be  mode  smaller,  because 
the  molecules  are  forced  nearer  together,  thus  reducing  tiie  ske  of 
the  potBB.  Cavities  or  cells,  like  those  of  bread  or  spoo^,  are  some 
times  spoken  of  as  "  sensible  pores,"  but  these  are  not  properly  in 
"  ided  under  this  head. 

3.  What  is  Compressibility? — CompressihU- 
i  that  propeHy  i>f  inatfcr  by  virtu,&  of  which 

idy  niay  be  reduced  in  size. 

4.  WllJVt  is  'E,TtyAn)i\hi\\iy'!—E.vi»in,sib'dity  is 
t  property  of  matter  by  virtuo  of  uihidb  a  body 

Bf/  be  increased  in  size. 

fl)  CompniBsibUit;  and  expanBibUity  are  the  opposites  of  each 
BT,  reealtlng  alike  from  porosity,     HJuBtrBtions  have  been  given 
r  the  head  of  porositj.    Let  each  pupil  prove  by  espeiimen' 
It  air  is  compreaelblo  and  expansible. 

.  What  is  Elasticity  ?—Elastidty  is  thai 
bpefiiy  of  matter  by  lirtae  of  which  bodies  resume 
fir  original-  form  or  size  when-  that  form,  or 
{  has  been-  changed  by  any  e.vtfrnnl  force, 
B.)  All  bodies  poaBess  this  property  in  some  degree,  because  all 
solid,  liqaid  or  aeriform,  when  aubjectcd  to  preesare  (within 
Farying  with  tlie  substance],  will  resume  their  original  site 
upon  the  removal  of  the  pressure.  The  amount  of  oompression  iiiHt- 
tera  Dot  except  in  the  ease  of  solids.  It  was  formerly  thought  that 
liquids  were  Incompressible ;  hence  aeriform  bodies  were  called 
elastic  tiuids,  while  liijuids  were  called  non-elaetic  fluids.  But  the 
Otanpressibility  and  perfect  elasticity  of  liquids  having  been  ehowD, 
the  term  "  non-elastic  fluid  "  involves  a  contradiction  of  terms  and 
vrould  hetter  be  dropped.  Fluids  have  no  elasticity  of  form  :  on 
the  other  hand,  all  Quids  have  perfect  elasticity  of  sive.  What 
pniperties  of  matter  are  illustrated  by  the  action  of  the  common 

(Kip  gllll  1 

46.  What  are  Cohesion  aud   Adht^sion  ?— 

Voli&sion  is  i)ts  force  tliat  Jtolds  to^cth&r  li.k*  rtvMr 
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Teides;    adhesion   is   tfic  force   that    holds    together 

f  unlike  molecides. 

{a.)  Cohesioa  is  the  I'urue  that  holds  luost  Bubstftncet 
together  tmil  gives  tliem  form.  Were  cohesion  Buddenlj 
to  cease,  brick  andstono  &nd  iron'wonld  criunbleto  Gaest 
pQH'dcr,  and  all  our  homes  and  citiea  and  selvea  tall  tc 
Lopeless  ruin.  In  aeriform  bodiee,  cohpsiou  is  not  ap- 
pareat,  being-  overcome  by  molecular  rifpuMon  iheat).  In 
large  masBOS  of  liquids  tlie  cohesive  force  is  ovcri^ime  b;  gravit}', 
nhlch  tends  to  bring  all  the  molecnles  as  low  as  possible  and  tllUB 
renders  their  surfaces  level.  But  in  Hmall  masses  of  liquids,  the 
cohesive  force  predumitiatea  and  draws  all  the  molecules  as  Bear 
each  other  as  possililo,  and  thus  gives  to  each  mass  the  spheroidal 
form,  as  in  the  case  of  the  dew  or  rain-drop  Globules  of  mercury 
upon  the  iiaud  or  table,  and  drops  of  water  upon  a  heated  sl^ve,  are 
lamiliar  illustrations  of  this  effect  of  colieslon  upon  email  liquid 
masses.  But  in  the  solid  state  of  mutter,  cohesion  shows  most 
dearlj.  Cohesion  acts  only  at  irsentrible  (molecular)  distances,  IjM 
the  parts  of  a  body  be  separated  by  a  sensible  dietajico,  and  coheBbn 
ceases  to  act ;  we  say  tliat  the  body  is  broken.  If  the  molecoles  nt 
the  parts  cao  again  be  brought  within  molecular  distance  of  moll 
other,  cohesion  will  again  act  and  hold  them  there.  This  may  bo 
done  by  simple  pressure,  as  in  the  case  of  wax  or  freshly-cut  lead ; 

-it  may  be  done  by  welding  or  melting,  na  in  the  case  of  iron.  Cir- 
cular plates  of  glass  or  metal,  about  three  inches  iu  diameter,  often 
(iBVe  their  faces  so  occutalely  fitted  ta  each  other  that,  when  preasod 
together,  n  considerable  force  is  needed  to  separate  them.  {Sw 
Kg.  4.) 

[It.)  Adhesion  is  the  force  that  causes  the  pencil  or  crayon  to  leave 

I  traces  upon  the  paper  or  blackboard,  and  gives  efficacy  to  paatB. 

rglne,  roortar  and  cements  generally.     In  abrick  wall,  coheeion  UndB 

"  together  the  molecnlea  of  the  mortar  layer  into  a  single,  hardaaltif; 
mass,  while  on  either  hand  adhesion  reaches  out  and  grasps  tho  ad- 
joining bricks  and  holds  thttm  fast— a  Bolid  wall.  Like  cohesion,  it 
acts  only  through  distances  too  small  ta  be  meaanted ;  unlike  cobe- 
sion,  it  acta  between  unlike  moleculee. 

47.  Wbat    if*    Hardness  7 — Hardneas    ia    thai 

property  of  mnUer  hy  virtue  of  ifhich  some  hoAist 

Yresi'St  any  attempt  to  forca  a  passage  bptween  theit 
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I  It  IB  meaanred  by  the  degree  of  difliculty  with  which  it 
scratched  bj  UDOtber  imhetaiice.    Fluids  are  not  said  to 
liftTC  hardness. 

(ii.)  nardnesE  does  not  imply  density.  The  diamond  la  mncli 
faaider  than  gold,  but  gold  is  four  tlmm  uk  diMitw  bh  dlunond. 

48.  Wliat  i8  Tenacity? — Tenacity  is  tfuit  prop- 
t  of  /nattrr  by  virtue  of  which  some  bodies  re- 

'  a  forrs  lendin-g  to  pull  their  particles  asunder. 

L('(.)  Like  hanlness  ood  the  other  (^haracteriErlc  properties  of 
■  f  of  coliesioQ  wIilcL  is  the  Bimeral  term  for  tlie 
1  wlijdi  holds  the  moleciileB  together  aod  prevents  diBintegratioQ. 
The  lonacity  of  a  substance  is  generally  Bscertained  bysliaplngitin 
the  form  of  b  rod  or  wire,  the  area  of  whoeo  cros8*ection  may  be 
accurately  meHBarciI.  Held  by  one  end  in  a  vertical  poeitioD,  the 
reight  ffhkli  the  rod  will  support  is  the  measare  of  its 
dtj.  For  any  givon  material,  it  lias  been  foand  tliat  fhe  Iciiacitg 
Joiied  ta  the  area  qftkt  eroae-mctioii ;  e.  g.,  a  rod  witli  a  see- 
1  of  a  square  inch  will  carry  twice  as  great  a  load  as  n 
■  of  the  same  material  witli  a  sectional  area  of  a  bolf  squari*  luc^li; 
e  decim.eter  in  diameter  will  carry  fonr  times  as  great  a  liHwl  ae 
luilftr  rod  five  centimeters  in  diameter.  The  eipiunatiau  of  tills  is 
vgiJie  these  rods  to  be  cut  Hcroas,  and  it  will  b*  evident 
,  oa  each  tade  of  the  tut,  the  Srst  rod  will  expose  the  surfaces 
i  many  molecules  as  will  tlie  second,  and  that  the  third 
f  «spoee  four  times  as  many  molecular  uurfui-iiS  as  the  fourth. 
tlor  the  same  matei'al,  each  moleculo  has  the  Baiiin  attractive 
Ooabling  the  oiimber  of  these  attractive  molecules,  which 
me  tiy  doubling  the  sectional  area,  doubles  the  lotaj  attractive 
force,  which,  in  this  case,  is  called  tenacity ;  quudru- 
(iling  the  sectiona]  area  (luadrujileB  the  tenacity.  Hence  the  law  : 
Tenacity  is  proportioned  lo  the  sectional  area. 

49.  What  is  Brittlene88  ?— 57-itf ieness  is  th<it 
property  of  matter  by  virtue  of  which  some  bodies 
may  he  ensihj  hroken,  tis  by  a  blow. 

[a.)  (HitBB  tunilBlic«  a  familiar  example  of  tliln  |>mp<>rty.  The 
idea  tliat  brilllencss  is  tlii>  opimeitp  of  hardness,  elasticity  or  tenac- 
Uy.  clionld  be  ^uanied  aguast.    lilass  ia  liwdei  fiiaa  ■«<>«&„ '\)'A 
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very  brittle ;   it  is  very  elastic,  but  very  brittle  also.    Steel  is  f ai 
more  tenacious  than  lead,  and  far  more  brittle. 

50.  What    is    Malleability  ?—Jfa??ea6i^i^  is 

that  property  of  matter  by  virtue  of  which  some 
bodies  may  be  rolled  or  hammered  into  sheets. 

(a.)  Steel  has  been  rolled  into  sheets  thinner  than  the  paper  upon 
which  these  words  are  printed.  Gold  is  the  most  malleable  metal, 
and,  in  the  form  of  gold  leaf,  has  been  beaten  so  thin  that  282,000 
sheets,  placed  one  upon  the  other,  would  measure  but  a  single  inch 
in  height. 

51.  What  is  Ductility? — Ductility  is  that 
property  of  matter  by  virtue  of  which  some  bodies 
TYiay  be  drawn  into  wire, 

(a.)  Platinum  wire  has  been  made  ^o  Jow  of  an  inch  in  diameter. 
Glass,  when  heated  to  redness,  is  very  ductile. 

52.  Experiment. — Heat  the  middle  of  a  piece  of 
glass  tubing,  about  six  inches  long^  in  an  alcohol  flamc^ 
until  red-hot  Roll  the  ends  of  the  glass  slowly  between 
the  fingers,  and  when  the  heated  part  is  soft,  quickly  draw 
the  ends  asunder.  That  the  fine  glass  wire  thus  produced 
is  still  a  tube,  may  be  shown  by  blowing  through  it  into  a 
glass  of  water,  and  noticing  the  bubbles  that  will  rise  to 
the  surface. 

Recapitulation. — To  be  reproduced  and  amplified 
by  the  pupil  from  memory. 

'  Extension^  ItHPeHetrabil" 
ity^  Weighty  IndestruC" 
tibilityy  Inertia^  MobiU 
ityy  Divisibility^  /V 
rosityy  Compressibility^ 
Expansibility^  Elat 
ticity. 
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Adhesion. 
Cohesion. 
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Hardness. 
Tenacity. 
Brittleness. 
Malleability 


-/^Seckon  im. 

THE  THREE    CONDITIONS   OF  MATTER. 

3,  Conditions   of  Matter. — Matter   exists   in 

!  conditions  or  fnrms—the   so/id.  the   liqu,iil. 

I  the  nerifnrtn. 

I  Wliat  i«  a  Solid  ? — A  solid  is  a  body  whose 

ciUe.s   chnibge    their    rehiflve    positinna    with 

^culty. 

b  bodies  hitro  si  strong  tendency  to  retain  any  form 
t  may  be  given  to  them.     A  nitivemeut  of  one  part  of 

\  body  produces  motiofi  in  sill  of  il^  parta. 
5.  Wliat   is   a  Liquid?— .:/  liquid  is  a  hody 
whose  moleejiles  ensihj  phitn^e  their  relative  po- 
sitions, yet  tend  to  cling  together. 

Sncb  bodies  adapt  themselves  to  the  form  of  the  vessel 
containing  them,  but  do  not  retain  that  form  when  ilie 
rcfltraining  force  is  removed.    They  always  so  adapt  them- 
Jves  as  lo  have  their  free  surfaces  horizontal.     Wat 
e  best  typo  of  liquids. 
I.  Exi>erinieiit. — Siis- 
1  a  glass  or  metal  plate, 
i  about  four    inches    area, 
(bm  one  end  of  a  scale-heani, 
and    flccnratfily    balance    the 
same  with  weight^s  in  the  ojipo- 
}  scale-pan.     The  Bup]»orl- 
I  cords  may  be  fastened  to  ; 
plate  with  wax.    Beneath 
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the  plate  place  a  saucer  so  that  when  the  saucer  is  filled 
with  water  the  plate  may  rest  upon  the  liquid  surface,  the 
scale-beam  remaining  horizontal.  Carefully  add  small 
weights  to  those  in  the  scale-pan.  Notice  that  the  water 
beneath  the  plate  is  raised  above  its  level.  Add  more 
weights  until  the  plate  is  lifted  from  the  water.  Notice 
that  the  under  surface  of  the  plate  is  wet.  These  mole- 
cules on  the  plate  have  been  torn  from  their  companions 
in  the  saucer.  The  weights  added  to  the  original  coun- 
terpoise were  needed  to  overcome  the  tendency  of  the 
water  molecules  to  cling  together. 

Note  to  the  PupU. — After  set;ing  a  physical  experiment,  always  ask 
yourself,  **  What  was  the  object  of  that  experiment.?  What  does  it 
teach?"  Never  allow  yrurself  to  look  upon  an  experiment  as  being 
simply  entertaining ;  thus  reducing  the  experimenter,  so  far  as  you 
are  concerned,  to  the  level  of  a  showman. 

57.  What  is  an  Aeriform   'Body?— fin  aerU 

form  body  is  one  whose  molecules  easily  change 
their  relative  positions,  and  tend  to  separate  from 
each  other  alm^ost  indefinitely. 

Atmospheric  air  is  the  best  type  of  aeriform  bodies. 

58.  Gases  and  Vapors. — Aeriform  (having  the 
form  of  air)  bodies  are  of  two  kinds,  gases  and  vapors. 
Gases  remain  aeriform  under  ordinary  conditions,  although 
they  may  be  liquefied  by  intense  cold  and  pressure. 
Vapors  are  aeriform  bodies  produced  by  heat  from  sub- 
stances that  are  generally  solid  or  liquid,  as  iodine  or 
water.  They  resume  the  solid  or  liquid  form  at  ordinary 
temperatures. 

59.  Chang^es  of  Condition. — The  same  substance 
may- exist  id  two  or  even   three  of  t)hese  forms.     Most 
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solids,  ae  lead  and  iron,  may  be  changed  by  heat  to  liquids ; 
otJiers,  as  iwlinc,  miiy  be  iipparenlly  cliiiiifjoil  diwctly  to 
Viipors;  still  uLliera,  iis  ice,  may  be  wieily  cliHuged  Bret  to 
the  liquid,  iiiid  then  to  the  vapor  furm.  It  is  probable  that 
*liy  solid  miglit  be  liquefied  and  vaporized  by  the  appHca- 
of  heat,  aud  that  the  practical  inliisibility  of  certaiu 
bstances  is  due  to  our  limited  abilities  in  the  prodaetion 
t»f  heat. 

(a.)  Many  vapors  nml  gaees.  as  steam  nnd  BulphnrooB  anhydricle 
(SOt.tlieirrt'aiiirabiegasformi'il  by  ljuriiiiigHulphiir),[iiaj  be  liquefied 
by  culd,  lliQ  H'itUdrBwuJ  of  heat.  TLe  proccea  is  one  o(  aubtractdoo. 
A  still  furtlier  dJmlnutioD  of  the  heat  (orce  would,  in  maiiy  caaes. 
le«d  to  B  Bolldifjiiig  of  the  liquid.  It  in  prcbahle  that  all  gaaeB 
might  be  liqaefied  and  all  iltjiiida  Bolidiiied,  If  »'h  had  tLe  power  ot 
UDlimited  withdrawal  oF  heat.  In  fact,  the  Inat  of  the  "permanent 
gaaea''  has  heeo  liqnefied  already. 

(b  I  Tioceut  experinients  with  electric  discliur^-a  in  lii^h  rncouma 
(Esp.  71.  [1. 350(,  have  yielded  remarkable  reflalts  wliidi  are  held,  by 
some,  lo  slioiT  the  existence)  of  a  fourth  mnditlon  of  matter.  For 
matUtr  in  this  "  ultrargaaeoua  "  state,  the  name  "  Radiant  Matter" 
has  been  proposed. 

ie  te 

)  In  a  liquid,  cohesion  ia  more  powerfnl  than  repulsion  ;  in  an 

inn  body,  repulaioo  ia  tlie  more  powerful.     The  change  from 

ibe  liquid  to  the  aSriform  coodiiioQ  ia  caused  by  an  increase  of  the 

velocity  of  the  conatituent  molecnlea,  such  increase  of  velodty  beinfr 

a  thermal  effect 


,  Wliat  is  a  Fliii<l  ? — A  fluid  is  a  body  whose 
lecuZes  easily  clbnage  tiieir  relative  positions. 

Tie  term  comprebenda  liquidiS,  gases,  and  vapoi-s. 


(tl.    Optional    Definitions. — (I.j   A   body   poiuiessiog  any 
dogtee  of  elaatieity  of  form  {§  45)  ia  a  solid  ;  a  body  tbut  (xwsesaea 

no  dastioity  of  form  is  a  fluid. 

3.)  A  body  that  can  exist  in  Pijuillbrium  nndi^r  tlic  action  of  a 

n  that  is  not  uniforui  ia  all  directiooa  ia  a  aolid ;  a  body  tUaX 

a  njuilibriuui  under  suoh  coaditinna  \a  a  a.m4. 
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(3.)  A  fluid  that  can  expand  indefinitely  so  as  to  fill  any  vessel, 
however  large,  is  an  aeriform  body  ;  a  flaid,  a  small  portion  of  which, 
when  placed  in  a  large  vessel,  does  not  expand  at  once  i?o  as  to  fill 
the  vessel,  but  remaius  collected  at  the  bottom,  is  a  liquid. 

(4.)  A  body  that  lias  a  dcfiuite  volume  and  form  is  a  solid-;  a  body 
that  has  a  definite  volume  and  an  indefinite  form  is  a  liquid  ;  a  body 
vhat  has  an  indefinite  volume  and  form  is  aeriform. 

(5.)  A  gas  is  an  easily  compressible  fluid. 

62.  Kinetic  Theory  of  Gases.— A  perfect  gas 
consists  of  free,  elastic  molecules  in  constant  motion. 
Each  molecule  moves  in  a  straight  line  and  with  a  uni- 
form velocity  until  it  strikes  another  molecule  or  the  ves- 
sel in  which  the  gas  is  contained.  The  blows  that  the 
molecules  thus  strike  upon  the  vessel  are  so  numerous 
that  their  total  effect  is  a  continuous,  constant  force  or 
pressure. 

(a.)  Tbe  mean  velocity  of  a  hydrogen  molecule  has  been  deter- 
mined as  184260  cm.  (or  more  than  a  mile)  per  second.  If  its 
weight  were  known,  the  work  that  it  can  do  might  be  easily  com- 
puted (§  157).  The  molecules  of  other  aeriform  substances  move 
with  smaller  velocities. 

Becapitulatioii. — To  be  reproduced,  upon  paper  or 
the  blackboard,  by  each  pupil. 
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FORCE    AND    MOTION. 

63.  Dynamics. — Dynainics  is  that  branch  of 
physics  which  treats  of  forces  and  their  effectB. 

These  effects  may  be  of  two  kinds. 

(a.)  The  forces  employed  may  be  counterbalanced.  If  they  thus 
act  upon  a  body  at  rest,  that  body  will  remain  at  rest ;  if  they  act 
upon  a  body  in  motion,  the  motion  will  not  be  changed  thereby. 
The  branch  of  dynamics  that  treats  of  forces  thus  balanced  is  called 

(6.)  The  forces  employed  may  act  against  the  inertia  of  matter 
(§  38),  and  produce  motion  or  change  of  motion.  Tlie  branch  of 
dynamics  that  treats  of  forces  thus  used  is  called  Kinetics.  If  we 
have  a  problem  relating  to  the  forces  that  may  produce  equilibrium 
in  a  lever,  as  in  the  act  of  weighing  goods,  it  is  a  static  problem  ; 
if  a  problem,  refer  to  the  velocity  of  a  falling  body,  or  the  amount 
of  work  that  may  be  done  by  the  uncoiling  of  a  watch-spring,  it  is 
a  kinetic  problem. 

Note. — No  attempt  will  be  made  to  maintain  the  distinction  be- 
tween the  static  and  kinetic  effects  of  forces. 

64.  What  is  Force  ? — The  word  force  is  difficult 
of  satisfactory  definition.    As  generally  used,  it  signifies 
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• 

any  cause  that  tends  to  produce,  change  or  destroy 
motion. 

It  follows  from  inertia  that  bodies  are  incapable  of 
changing  their  condition  of  rest  or  motion.  Any  cause 
capable  of  producing  a  tendency  to  change  either  of  these 
conditions,  is  called  a  force.  Equal  forces  will  producu 
equal  velocities  when  applied  to  the  same  body  for  the 
same  time. 

(a.)  We  say  that  the  tendency  of  a  force  acting  on  a  body  at  rest 
Sb  to  move  it.  Motion  wiU  be  produced  if  the  body  is  free  to  move. 
This  motion  may  be  prevented  by  the  simultaneous  action  of  another 
force  or  of  other  forces.  Or  the  body  may  be  fixed  so  that  a  given 
puU  or  pressure,  i.  e.,  the  application  of  force,  wiU  produce  no 
motion.  In  this  case,  opposing  forces  are  caHed  into  action  as  soon 
as  the  given  force  begins  to  act,  and  thus  the  new  force  is  neutralized. 
For  instance,  a  small  boy  may  exert  all  of  his  muscular  power  upon 
a  large  stone  and  not  lift  it  at  aU.  The  force  employed  produces  no 
motion.  The  attraction  between  the  earth  and  the  stone  (§  33)  is  a 
force  acting  in  a  downward  vertical  direction.  This  force  is  exactly 
balanced  by  the  upward  pressure  of  the  supporting  earth  or  floor 
(§  93).  If  the  stone  weighs  two  hundred  pounds  and  the  boy  lifts 
fifty  pounds,  the  supporting  body  exerts  an  upward  pressure  of  only 
one  hundred  and  fifty  pounds.  One  quarter  of  the  weight  of  the 
stone  or  a  downward  force  of  fifty  pounds  is  thus  liberated  or  called 
into  play  by  the  very  act  of  lifting  with  a  force  of  fifty  pounda 
Hence  no  motion  is  produced,  because  an  opposing  force  is  called 
into  action  as  soon  as  the  given  force  begins  to  act,  and  thus  the 
new  force  is  neutralized. 

(&.)  In  this  case,  the  greatest  opposing  force  that  can  be  set  free 
or  called  into  play  is  a  force  of  two  hundred  pounds,  the  full  weight 
of  the  stone.  If,  therefore,  the  stone  be  lifted  with  a  force  of  more 
than  two  hundred  pounds,  the  new  force  can  not  be  wholly  neutralized 
and  motion  will  take  place.  If  the  body  be  free  to  move,  the  smallest 
conceivable  force  will  overcome  the  inertia  and  produce  motion. 

65.  Elements  of  a  Force. — In  treating  of  forces, 
we  have  to  consider  three  things : 
(1.)  The  point  of  application,  or  the  point  at  which 
the  force  acta,  • 


)  The  direction,  or  the  right  lino  along  which  \i 
tends  to  move  tho  point  of  application. 
(3.)  Tlic  magiiititde  or  value  when  coniparLil  with  a 
given  staiidai'd,  or  the  relutive  rate  at  which  it  it 
ahle  to  produce  motion  lu  a  body  fi'ee  to  move. 

€6.  MeaAnroment  of  Forces.— It  frequently  ib 
ible  to  compare  tlie  magiiituilos  of  two  or  moro  forcLU 
That  thuy  may  Ije  conipart'd,  they  must  be  measured ;  that 
they  may  be  measured,  a  standard  of  measure  or  unit  of 
force  IB  necessary.  When  this  unit  lia.a  been  determined 
upon,  tlio  value  of  any  given  force  is  designated  by  a  nu- 
merical reference  to  the  unit,  just  as  we  refer  quantities  of 
weight  to  the  kilogram  or  pound,  or  quantities  of  distance 
to  tlie  meter  or  yard.  The  magnitude  of  any  force  may  be 
measured  by  either  of  two  «uit%  which  we  shall  now  con- 
pA&r. 

.  G1,  The  Gravity  Unit.— The  given  force  may  be 
measured  by  compiiring  it  with  the  gravity  of  some  known 
quantity  or  mass  of  matter.  This  ia  a  very  simple  and 
convenient  way,  and  often  answers  every  purpose.  TJia 
gravity  unit  of  force  is  the  gramty  of  aity  itiiit  of 
mass.  This  nuit  of  mass  may  be  a  gram,  kilogram, 
pouud,  or  ton,  or  any  otiier  unit  that  may  be  more  con- 
venient under  the  circumstances.     (See  §  103.) 

(a.)  A  force  ia  enid  to  be  a  force  of  100  hil^^jama  when  It  jaaj  be 
fe|ilated  lij  the  action  of  a  weight  of  1(K)  kilograms.  Tlie  piesaurt 
of  atcam  in  a  buller  is  generally  nieasurefJ,  nt  present,  in  pounds  pn 
W|nare  inch,  that  ia,  by  detemuning  the  number  of  poanda  with 
whiuh  it  would  lie  neceaaaty  to  load  down  a  movuble  lioriaonlJil 
square  inch  at  ths  loji  of  tho  boiler  in  order  to  keep  ii  in  ])luce 
agaSiist  the  pressure  of  llie  ataatn.  A  cord  or  rope  may  be  pulled 
with  a  i^rtain  force.    This  force  is  meaBured  \yj  &adi&g  ouX.  "Wi^ 
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many  pounds  suspended  by  the  cord  or  rope  would  give  it  an  equal 
pull  or  tension. 

(6.)  As  we  shall  see,  the  force  of  gravity  exerted  upon  a  given 
mass  is  variable.  A  given  piece  of  iron  would  weigh  more  at  the 
poles  than  at  the  equator.  Other  variations  in  tlie  force  of  gravity 
are  kuown.  When,  therefore,  scientific  accuracy  is  re<juired,  it  wilJ 
not  suffice  to  speak  of  a  force  of  tt^n  pounds,  but  we  may  speak  of  a 
force  of  ten  pounds  at  the  sea-level  at  New  York  City.  The  neces- 
sary corrections  may  then  be  made.  But  for  ordinary  purposes, 
these  details  may  be  disregarded. 

68.  The  Absolute  Unit. — The  absolute  or  ki- 
netic unit  of  force  is  the  force  that,  acting  for 
unit  of  time  upon  unit  of  mass,  will  produce  unit 
9/  velocity. 

The  foot-pound-second  (F.  P.  S.)  unit  of  force  is  the 
force  that,  applied  to  one  pound  of  matter  for  one  second^ 
will  produce  a  velocity  of  one  foot  per  second. 

(a.)  In  all  kinetic  questions  the  kinetic  unit  is  far  more  convenient. 
Gravity  units  may  easily  be  changed  to  kinetic  units.  At  the  lati- 
tude of  Now  York,  the  force  of  gravity  acting  upon  one  pound  of 
matter  left  free  to  fall  will  give  it  a  velocity  of  32.16  ft.  per  second 
for  every  second  that  it  acts.  Consequently,  at  such  latitudes,  th« 
gravity  unit  is  (jqual  to  32.16  kinetic  units. 

69.  The  Dyne. — Instead  of  using  a  unit  of  force 
based  upon  the  foot  and  pound,  scientific  men  are  coming 
to  use  a  similar  unit  based  upon  the  centimeter  and  gram. 
Th*is  unit  has  a  defniite  name.  The  dj/ne  is  the  force 
that,  acting  for  one  second  upon  a  mass  of  one 
gram,  produces  a  velocity  of  one  centimeter  per 
second. 


(a.)  If  aitu4y  wo.^nlng  25  grams  acquires  in  one  second  a  velocity 

of  30  cm.,  the  mo'  ng  force  was  750  dynes.     If  it  acquires  the  same 

velocity  in  2  f  ^c  ds,  of  course  the  force  was  only  half  as  great,  or 

S!^^  djnes.     As  the  increment  of  velocity  (§  127)  is  980  em.,  th« 

n-eigbt  of  &  gram  equalB  980  dynes. 

(AJ  The  several  niuta  based  upon  the  ceut\me\.eT,gro.TsiwQSL  «»cnndK 


Bonstitato  K  doss  csUed  (finin  the  loltid  letters  ot  tliuEMi  words) 
C.  O,  a.  UnitB.    Thus  the  dyno  is  [lie  C.  U.  8.  unit,  of  Sorco. 

Jfate  to  the  Pupil. — Wa  have  l)eeii  speaking  of  unit  «I  mssa,  oiii] 
you  have  probably  had  no  difflpulty  in  undcraliuidiiig  that,  by  this 
temi,  a  c^rtidn  defiuite  quantity  of  matter  \a  njeant.  Tliis  uirlnii^ 
quantity  may  be  any  quantity  that  we  agreii  upon  as  B  unit  ot 
In  tliia  coiintiy  we  Lave,  as  yet,  nn  commonly  acoepti^l 
aass.  Ill  conutrieB  where  the  metric  eysl^m  oi  weights 
a  uaed,  the  unit  of  mass  is  the  quantity  ot  matter 
coutained  in  one  oti.  era,  of  pure  wat«r  at  ita  tcmpenituro  iiX  greBlesi 
density.  It  will  be  Been  that  tLia  deBuitioaisindopendent  of  gravity, 
and  tliat  it  liolda  good  for  matter  anywhonj.  Tlie  quantity  of  malWr 
tn  the  unit  thus  defined  is  invariable,  while  tho  grain,  which  it*  ita 

K;bt  (g  86),  is  vtiriahle.  But  notwithstandiui;  tliix,  at  any  i/km 
!,  weight  JB  proportional  t<i  muss,  oiid  wi\  then- fore,  couvenieutly 
weight  aa  a  mtana  of  eetlmatiug  laoss.  Wo  speak  without  nuy 
ideiBble  ambiguity  of  a  piiuiid  ot  matter,  bctauBe  we  know  Uiul 
a  muia  tliat  wclglts  two  pounds  at  the  same  plave  lins  JuKt  twi»'  iir 
much  matter  as  the  first,  which  we  may  take  aa  a  couveiiieut  unit  of 


70.  Momentum. — 77^6  momenium  of  a  body  is 

its  qU'imUt'ij  of  nvntiim. 

Its  meaaurc  is  tlie  product  of  the  numbers  represeuting 
tlio  inaea  and  the  velocity. 

(a.)  One  tendency  of  forcn  is  to  prodiict  motion.  In  n  given 
time,  two  units  of  force  will  produce  twice  as  much  tnotiou  as  one 
unit.  This  doubled  momoDtam  or  quantity  of  motion  may  exisL  in 
two  units  ot  niRBS  having  one  unit  ot  velocity,  or  in  ont  unit  of 
umsB  with  two  units  of  velocity.  The  niiimi^iilum  of  ii  liody  having 
a  masB  of  20  pounds  and  a  velocity  ot  15  feet,  is  t.wifu  ub  aroivt  «h 
that  of  u  body  linving  a  masa  of  3  poonds  aud  ii  veliitily  of  31)  ft.. 
The  momentum  nf  ihi'  former  is  300 ;:  lltat  of  the  l.tttri'.  150.  Mo- 
mentum luiM  reference  only  to  force  and  Inertia,  TUer-rfore,  when 
artiuR  n\»'a  InKlies  freo  to  move,  eiioal  ftifoeswill  ftwluce  npial 
inuiDi-uta  whelhfr  llie  bodlai  acted  upon  be'(lfe!tt»(r  "invj.  The 
unit  of  muinuutnni  has  no  definite  nnmt-. 

71.  Experiment. — Kgtirc  U   vuin-uaeuts  a  v^"*-^  "^ 


whiuh  weighs  twioo  88  modi 

iiB  the  titbor,  susiJended 
TL'prcsunted.  Tliu  heavier  ball 
coutaius  a  spring-hammer, 
which  is  tield  back  hy  a,  thread. 
Tiie  hammer  being  thus  held 
back,  and  the  smaller  ball 
rceting  agaiQBt  Ha  face,  tho 
threiwl  is  hunied,  a  blow 
Btmck,  and  an  eqtial  force  ig 
exerted  upon  each  ball  (§g  7i 
[3]  and  93).  The  smaller  bull 
will  move  twice  as  fast  aud 
twice  as  far  as  tho  larger  baD, 
equal  momenta. 

ExEttciaES. 

1,  Find  tlif  moDientiim  o(  «  500  lb.  bull  moTing500foetaseci 

a  300  II).  bull  bufi  Bcqaired  a  volod^ 


moviug  ul 

ftt  is  mo> 

How  do  tbeii 


«  of  5  mUee  an  liour,  wrigin 
^lie  rate  of  10  m\U»  aa  hour, 
%  i:oinpan:? 

J  4.  Whiitiameantby  ttfomiof  lOiKumdB!  To liow  many  F.  P.  ft 
anita  is  it  equal  f 

*^  G.  A  eUme  weighing  12  oz  is  tlirown  witL  ft  veiocitj  ol  1380  ft 
per  minute.  Au  ounce  ball  is  sliot  wiili  a  velocity  of  15  miles  pet 
lalnute.    Find  tbe  ratio  between  their  momenta. 

9,  An  iwberg  iif  SO.OOO  tons  moveB  with  a  velocity  of  3  mllei 
(iitr ;  ftii  uvulanohi!  of  10,000  tone  of  snow  deaoends  with  a  vein 
f  10  milue  ail  honr,  Which  baa  the  greater  Buimenlom  t 
7.  Two  Iwidies  weipbinf;  rpspectively  35  and  4(1  jKiunds  have  m 
'I'lie  first  hua  u  VL'lodty  of  00  fl.  n  socoml ;  what  1b 
t  tbe  other  t 
tt  Two  UuIJe  hare  equal  mom^tft,    T^e  fcr^.  "Nc^g^ik  \M, 
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la  and  moveB  with  ti  velority  of  SO  metrra  &  eomnd.     The  o 

s  witli  a  velncitj  of  500  tuetcra  a  B(«onit.     Wliatb  itu  wc^igiitT 
■  9.  A  force  of  lOUU  djneB  a^ta  on  a  certain  maBS  fur  one  eecund  and 
e  it  ft  vciodt;  of  20  cm.  per  Bccood.      What  ia  t 
is! 

.  A  ccmslant  force,  acting  on  a  moaa  of  12  g.  for  ana  seconil. 
a  it  a  velocity  of  0  cm.  per  aecond.     Find  the  force  in  dynes. 
|i.  A  force  of  480  dynes  acts  on  a  uiasa  of  70  g.  for  one  aeuond. 
luit  Telodty  will  be  produced  1  A-ns.  7  cin.  per  eecond. 

\,  Two  Imdioa  start  from  a  condition  of  rest  and  more  tnwairis 
each  otlier  onder  tlie  Inllnencp  of  t.liBir  Tnutital  attraction  (^  7  anil 
96).  The  (iretbanamasBof  ]g.:  the  second,  a  niaasof  lOOg.  Tlio 
force  of  attraction  is  yJo  dyne.  Wliat  will  bo  tho  velocity  ocqulted 
W  each  during  one  eecund  t 


cqulted       j 


73.  Laws  of  Motion. — Tho  following  proposi 

^own  as  Newton's  Laws  of  Motion,  are  so  important 
I  faiDonB  in  the  history  of  physical  science  that  they 
igbt  to  be  remembered  by  every  student: 

^1-}  Every  hodij  cnfhtinv.es  in  its  state  nf  rest  or 
of  urhiform    motion    in    a    straight  line 
unless  compelled  to  change  that  state  bij 
an  external  force. 
)f$.y  Every  motion  or  change  of  motion  is  in.  the 
direction  of  the  force  iwipressed  ami  ia 
proportionate  to  it. 
SJ  Action  and  reaction  are  equal  and  apposite 
b  direction. 

,  The  First  Law. — ^The  first  law  of  motion  re- 
sults directly  fram  inertia  (§  38),  It  is  impossible  to 
furnish  perfeet  examplea  of  tbia  law  because  all  thirif^ 
ji;lun  our  reach  or  obaervation  are  acted  upon  by  soma 
l^m&l  force.     A  huse-hall  when  uucc  set  in  motion  has 

r  iQ  stop  ita^u  (1 38,  a).    l£  it  nw-fei  \a  (Jw>- 


dtenoo  to  tho  mugcolar  impnlse  only,  its  motion  woald  bt 

■i  Btraiglib  line ;  but  the  force  of  gravity  is  ever  aoliV(^ 
1  GODsUiiitly  turns  it  ii'om  lUat  line,  and  forces  it  to 
more  in  a  graceful  curve  iimteiuL 

74.  Centi'ifuga,!  Force. — AUliougli  it  ia  obviously 
ii  fanpossiblo  to  give  liuy  dii'ei;t  cxpurimeuLid  proof  of  the  first 


law  of  motion,  we  see  many  illustrations  of  tlic  iendenoH 

I  of  moving  liodioa  to  move  in   straight  lines  even  when 

Koreed  to  move  in  cnrved  lines.  -  A  curved  line  may  ba 

f  oonaiderod  a  si^riea  of  infinitely  smiiU  straifrlit  lines.    A 

body  moving  in  a  enrve  has,  by  virtue  of  its  inertiB,  a 

tendency  to  fnlliiw  the  pi-oiongation  of  llie  small  straigbt 

I  line  iii  which  it  rlmnceH  U)  I>e  moving.    Suoh  n  prolongki, 

l,tion  becomes  a  tangent  to  tho  curve,  to  move  in  wliiob 

9df  mast  Syfnrtbei  from  tlie  centje.    Tli'U  t«i 
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yf  TnaMer  to  move  in  a  straight  line,  anrJ,  conse- 
quently, further  away  from  the  centre  around 
which  it  is  revolving,  is  called  Centri-fiigol  Force, 
from  the  Latin  words  which  mean  to  fly  from  the  centre. 
The  "laws"  of  thia  "centrifugal  force"  may  be  ahwlied 
or  illiistratod  by  the  whirliug-tahle  and  ai:compaQi 
apparatus,  represented  in  Figure  7.    (See  §  77.) 

75.  Cautloil. — It  is  to  bo  noticed  thut  thia  80-ci 
"  Centrifugal  Force"  is  not  a  force  at  all.  It  in 
simply  inertia  manifested  nnder  ejiecia!  coiiditions.  It  is 
one  of  the  nnivoraal  propc*rties  of  matter  by  virtue  of 
which  the  body  shows  a  decided  dotormiiiation  to  olioy 
the  6rst  law  of  motion.  Tlie  fatjta  of  the  caao  ai*  the 
direct  opposite  of  those  implied  by  this  ill-cho8cu  name. 
Take  a  common  aling,  for  instance.  The  implication  made 
by  the  term,  "  Centrifugal  Force,"  is  that  llio  pebble  in  the 
revolving  aling  has  a  natural  tendency  to  continue  moving 
in  s  circle,  and  that  some  external  force  is  iiocesaary  to 
overcome  that  teudeucy.  The  truth  is  that  the  natural 
tendency  of  the  pebble  is  to  move  in  a  straight  line,  and  the 
only  reason  that  it  does  not  thus  move  is  that  it  is  coutiuu- 
ally  forced  from  its  natural  path  by  the  pull  of  the  string. 
Aa  soon  as  thia  extornal  force  is  removed,  by  ijitent  m- 
accident,  away  flies  the  stoue  in  obedience  to  its  own  law- 
^^pding  tendencies. 

^^nfG.  Simply  Suggestive.— Examples  and  efleels  of 
^UtiB  so-called  centrifugal  Ibrre  may  bo  suggested  aa  follows: 
Wagon  turning  a  corner,  railway  curves,  water  flying  fi^irn 
a  revolving  grindstone,  bniken  fly-wheels,  spheroidal  form 
of  the  earth,  erosion  of  river-beds,  a  pail  of  water  whirled 
in  a  vertical  circle,  thu  inward  Icaiuug  oi  t\ie  cacwft^ieit^K. 
^^mtnfugal  drying  apjiaratua  q5  ttia 
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or  sugar  refinery,  difference  between  polar  and  equatorial 
weights  of  a  given  mass,  etc. 

Ti.  Law  of  Centrifugal  Force.— The  force  neces- 
sary to  overcome  this  tendency  of  matter  to  move  away 
.  from  the  centre  around  which  it  may  be  revolving,  varies 
directly  as  the  mass  and  as  the  square  of  the  velocity,  the 
radius  remaining  the  same.  Doubling  the  mass  doubles 
the  force  needed,  but  doubling  the  velocity  quadruples  the 
needed  restraining  force. 

78.  The  Second  Law. — The  second  law  of  motion 

is  sometimes  given  as  follows:  A  given  forco  mill  pro- 
duce the  same  effect  whether  the  body  on  which  it 
acts  is  in  motion  or  at  rest ;  whether  it  is  acted  on 
hj  that  force  alone  or  by  others  at  the  same  time. 

{a. )  Many  attempts  have  been  made  to  show  that  these  are  only 
two  ways  of  stating  the  same  proposition  ;  most  of  them  are  more 
perplexing  than  profitable.  In  the  law  as  given  by  Newton  (§  72). 
Uie  word  motion  is  doubtless  used  in  the  sense  of  vnomentum.  If  the 
substitution  of  "  momentum  "  for  **  motion  "  makes  the  reconciliation 
any  easier,  no  objection  can  be  made  to  the  substitution. 
.J  .. 

79.  Resultant  Motion. — Motion  produced  by 
the  joint  action  of  two  or  more  forces  is  called 
resultant  motion. 

The  point  of  application,  direction,  and  magmtnde  of 
each  of  the  component  forces  being  given,  the  direction 
and  magnitude  of  the  resultant  force  are  found  by  a 
method  known  as  the  composition  of  forces. 

80.  Coini>osition  of  Forces. — ^Under  composi- 
tion of  forces,  ilirec  cases  may  arise  : 

(1.)   When  the  given  forces  act  in  the  same  direc- 
Uo/i.     The  resultant  is  tlieu  the  sxim  oi  the  ^ven 
forces.    JE?xample  :   Rowing  a  \>oa\f  Ao\?iv  ^Nscndssu 
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t.)  W%6n  th-e  given  forces  oat  in  opposite  dt- 
rections.  Tliu  resultnait  is  tliun  tho  difference 
between  the  given  forcea.  Motion  will  be  pro- 
duced in  tho  direction  of  the  gieater  force.  Ex- 
ample :    Rowing  a  boat  up  atroam. 

B.)  When  fhe  given  forces  act  tit  an  nngl^e.  The  re- 
sultant 16  then  ascertained  by  the  i)arallelogriim  of 
forces.    Example :  Kowing  a  boat  across  a  stream. 

81.  Griipliic   Re|>rc8eiit>i).t<ioii    of  Forces.  — 

mo,y  he  represented  hy  lines,  tho  jwint  of 
iplication  dotermining  one  end  of  the  line,  the  dircc- 
i  of  the  force  determining  the  direction  of  tJic  line, 
[  the  magnitude  of  the  force  determining  tho  length 
E  the  line. 

(a.)  It  will  be  noticed  tlmt  tliese  three  elements  of  n  force  (§  66) 
■re  tlie  ones  tbat  precisely  delioe  a  line.  Bj  druwiDg'  the  line  as 
above  indicated,  tlie  unita  of  force  being  uunMilicall)'  equal  to  llie 
ta  of  length,  we  have  a  complete  graphic  reiircwntation  of  the 
in  foisc.  The  unit  of  length  adopted  in  uny  euch  representation 
maj-bedBterminodbyconvtnicnce; 
but  tho  scale  once  diitermiuwl.  it 
must  be  adhered  to  throaghout  the 
problem,  Thua  the  diagram  rep- 
reeente  two  forces  applied  to  the 
point  B.  These  forces  act  at  right, 
angles  to  each  other.     Tlie  arrow- 

» heada  indicate  that  the  furcea  rep 

FlU.  S.  resented  act  from  B  toward  A  and 

C  resppctively.      The   force   that 

^'Infbediru'ction  6A  being  30  pnands  and  tht  force  acting  in  tlm 

I  BC  being  40  pnunde,   the  line  BA  must  be  oDn-half  ae 

1  BC.    The  Bcale  ailopled  being  I   mm.   In  the  pound,  the 

pier  force  will  be  represented  by  aline  %em.  long,  and  the  greater 

•  I7  a  line  4  em.  long, 

(&.)  The  graphic  ilctemiination  or  representation  of  the  reBuItant 

In  the  first  two  cases  under  tUe  "  Composition  of  Poicei"  is  tM 

■imple  to  need  laif  cxj/lanatioa. 


-\ 
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8S*  FarallelognE'aiu  of  Forces.— In  the  diagram, 
let  AB  and  AC  represent 

A. 

two  forces  acting  upon  the 

point  A.     Draw   the  two 

dotted  lines  to  complete  the 

parallelogram.  From  A,  the 

point  of  application,  draw  ^^Fio 

the   diagonal   AD.      This 

diagonal  will  he  a  complete  graphic  representa^ 

Uon  of  the  resultant.     In  such  cases  the  two  given 

forces  are  called  components.    The  resultant  of  any  two 

components  may  always  be  determined  in  this  way.    H 

two  forces,  such  as  those  i*epresented  in  the  diagram,  act 

simultaneously  upon  a  body  at  A,  that  body  will  more 

over  the  path  represented  by  AD,  and  come  to  rest  at  D. 

(a,)  Suppose  that  instead  of  acting  simultaueously,  these  forcei 
act  successively.  If  AC  act  first  for  a  given  time,  it  would  move  the 
body  to  C.  If  then  the  other  force  act  for  an  equal  time  it  would 
move  it  to  the  right  a  distance  represented  by  AB  or  its  equal  CD, 
and  the  body  be  left  at  D  as  before.  If  the  force  represented  by  AB 
acted  first  and  the  force  represented  by  AC  then  acted  for  an  equal 
time,  the  body  would  evidently  be  left  at  D.  Thus  we  see  that  these 
two  forces  produce  the  same  e£fect  whether  they  act  simultaneously 
or  successively. 

83.  Experimental  Verification.— This  prin- 
ciple of  the  parallelogram  of  forces  may  be  verified  by 
the  apparatus  represented  in  Fig.  10.  ABCD  is  a  very 
light  wooden  frame,  jointed  so  as  to  allow  motion  at  its 
four  comers.  The  lengths  of  opposite  sides  are  equal ;  the 
lengtlis  of  adjacent  sides  are  in  the  ratio  of  two  to  three 
From  tlie  corners  B  and  C,  light,  flexible  silk  cords  pasa 
over  the  pulleys  M  and  N,  and  carry  weights,  W  and  w, 
of  90  and  60  ounces  respectively,  the  latio  lietN^reeu  the 


weights  being  tlie  same  as  the  raLio  between  the  corres- 
pondiug  adjacent  sides  of  the  wooden  piirnllelogram.  A 
weight  of  130  ounces  ia  hong  from  the  corner  A,  When 
the  wooden  frame  cornea  to  rest  it  will  he  fonnd  that  the 
sides  AB  and  AC  lie  in  the  dii-ection  of  the  cords  which 
I  their  ])rolongations.  Those  sidea  AB  and  AO  are 
fftte  graphic  ivpresentationa  of  the  two  forces  acting 
[wn  the  point  A.  It  will  be  further  found  that  the 
diagonal  AD  ia  \'er{.ical  and  twice  as  long  as  tlia  side  AC. 
Since  the  aide  AO  represents  a  force  of  fiO  ounces,  AD  will 
represent  a  force  of  twice  60  oimcca  or  120  ounces.  Wo 
thus  see  that  AD  fairly  represents  the  resultant  of  the 
two  forces  due  to  the  grdvity  of  \f  and  w,  lot  Otiva  tesoii^ 


Blues  i\i: 
^^orm  th< 


I 


b  ia  equal,  and  oppoBite  to  the  vcrtioa]  forco  which  i 
B  to  the  gravity  of  V,  anil  tliia  balances  the  forces  p 

LBented  by  AB  aud  AC.    li:esulta  e<iUiiLly  aatisfacto 

I  be  secured  aa  loug  as  AB  :  AO  ;:  W  :  i 

84.  A  Substitute. — Very  satisfactory  resullB 
be  had  by  simpler  apparatus.  Let  H 
*nd  K  rcprcscut  two  pulleys  that  work 
with  very  little  friction.  Fix  them  to  a 
Tertical  board.  The  blackbuard  will 
answer  well  if  the  pulleys  can  ba  at- 
tached without  injury.  Throe  silk  conis 
are  knotted  together  at  0  ;  two  of  tbem 

over  the  pulleys;  the  three  cords 
carry  weights,  P,  Q,  and  B,  as  shown  in 
the  figure.  K  must  bo  less  than  the 
Buui  of  P  and  Q.  When  the  apparatus  has  come 
take  the  points  A  and  B  so  that  AO  :  BO  ::  P  :  Q.  Com- 
plete the  parallelogram  AOBD  by  drawing  lines  upon  the 
Yertical  board.  Draw  the  diagonal  UD.  It  will  be  foniid 
by  measurement  that  AO  :  OD  ::  P:  E;  or  that  BO  :  OD 
t:  Q  :  B.  Either  equality  of  ratios  affords  the  verifioation 
sought, 

85.  Determination  of  the  Value  of  the 
Resultant. — With  a  carefully-constructed  diagi^am  (only 
bajf  of  the  parallelogmm  need  !>e  actually  drawn)  the  re- 
mdtant  may  te  directly  measured  and  its  valne  ascertained 
from  the  scale  adopted.  The  value  and  direction  of  tlie 
resultant  may  be  found  tri^nometrically,  without  actnal 
onnstniction  of  the  diagram,  when  tlie  angle  between  tiw 
directions  of  the  comimuents  is  known.    In  one  or  twft 

?*  bowerer,  the  mattieiaatical  aw\\it\o'[v  \s  c^a^  ^n^w^ 


I  aid  of  trigonometrical  formulee.  When  the  com- 
mente  act  at  right  angles  to  eacli  other,  the  resultant  ia 
the  hypothenuse  of  a  rigiit^aiigled  triangle,  (See  Ohiey'a 
Gfomdry,  paragraph  34C.)  When  the  componenta  are 
equal  and  inclndc  an  angle  of  130°,  the  resultant  divides 
the  parallelogram  into  two  equilateral  triangles.  It  ie 
equal  to  either  component,  and  makes  with  either  na  angle 

KGO°.  {Lot  the  popil  draw  ench  a  diagram.) 
16.  EquiHIirant.— ^^  force  whosa  effect  is  to 
ttnoe  the  effects  of  the  several  coTrvponcnts  is 
called  an  eqiiiUbrant.  It  ia  numerically  equal  to  the 
resultant,  and  opfiosiLe  in  direction.  Thus  in  Fig.  10,  the 
gravity  of  the  weight  V  is  the  equilibrant  of  W  and  w, 
it  ia  equal  and  opposite  tu  the  rcsnitant  represented  by 


AD. 
^■Will 


17.  Triangle  of  Forces.— By  reference  to  Fig.  9, 
'ill  be  seen  that  if  AC  represent  the  magnitude  and 
direction  of  one  comjiouent,  and  UD  the  magnitude  and 
direction  of  the  other  component,  the  line  AD,  which 
completes  the  triangle,  will  represent  the  direction  and 
intensity  of  the  resultant.  Where  the  point  of  application 
need  not  be  represented,  this  uiethoii  of  finding  the  rela- 
tive m^^itudea  and  directions  is  more  expeditious  than 
the  one  previously  given.  If  the  line  which  completes  the 
triangle  bo  measured  from  D  to  A,  that  is  to  say,  in  the 
nrder  in  which  the  components  were  taken,  it  reprosenta 
the  equilibrant;  the  aiTow-head  upon  AD  should  then 
be  turned  the  othor  way.  If  this  Hue  Ite  muafiured  irom 
to  D,  that  is,  in  the  reverse  order,  it  represents  the 
Ittmt 
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88.  Composition  of  More  than  Two 
Forces. — If  more  than  two  forces  act  upon  the  point  of 
applic5ation,  the  resultant  of  any  two  may  be  combined 
with  a  third,  their  resultant  with  a  fourth,  and  so  on. 
The  last  diagonal  will  represent  the  resultant  of  all  the 
given  forces.  Suppose  that  four 
forces  act  upon  the  point  A,  as 
represented  in  the  diagram.  By 
compounding  the  two  forces  AB 
and  AC,  we  get  the  partial  re- 
sultant, Ar;  by  compounding 
this  with  AD,  we  get  the  second 
partial  resultant,  Ar';  by  com-  e^ 
pounding  this  with  AE,  we  get 
the  resultant,  AR 


Fig.  12. 


89.  Polygon  of  Forces. — This  resultant  may  l)e 
more  easily  obtained  by  the  polygon  of  forces.  If  a  num- 
ber of  forces  be  in  equilibrium, 
they  may  be  graphically  repre- 
sented by  the  sides  of  a  closed 
polygon  taken  in  order.  If  the 
forces  are  not  in  equilibrium,  the 
lines  representing  them  in  magni-  -^^ 
tude  and  direction  will  form  a 
figure  which  does  not  close.  The  hne'  that  completes  the 
figure  and  closes  the  polygon  will,  when  taken  in  the  same 
order,  indicated  by  the  arrow-head  at  x,  represent  the 
cquilibrant ;  when  taken  in  the  o])positc  order,  indicated 
by  the  arrow-head  at  z,  it  will  rei)resent  the  resultant 
This  will  be  evident  from  a  comparison  of  the  diagram  with 
^he  one  preceding,  the  forces  compounded  being  the  samck 


Fig.  13. 


►.  Piirallulopipcd  of  Forces. — Tlie  component 

forces  may  not  all  ncl  jii  the 
same  plane,  but  the  method  of 
compoeitioii  is  Btill  the  eame. 
In  the  particular  ease  of  threu 
Buch  forces  it  will  he  readily 
Been  that  tlie  resultant  of  the 
forces  AB,  AC,  and  AD  is  ro])- 
resented  by  AR,  the  diugonal 
DHtructod  upon  the  hnea  reprcscnt- 
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of  the  paralletoplpoil 
g  Uieao  forcos. 

Bl.  Kcsolutioii  of  Forces. — 77ic  operation  of  ' 

'■tbg  the  oomponcnts  to  which  a  given  fo) 
bivalent  is  called  tha  resolution  of  forces. 
»Jt  is  the  converse  of  the  compoaition  of  forces, 
mt  the  given  force  by  a  line.  On  this  line  as  a  diagra 
eonatnict  a  parallelogram.  An  influite  number  of  euch 
parallelograms  may  he  coustructed  with  a  given  diagimaL 
Whun  the  jiroblem  is  to  resolve  or  decompose  the  given 
force  into  two  or  more  oomponentB  haviiuf  given  directions, 
it  is  definite— ^)nly  one  construction  being  poasihle.  The 
sides  that  meet  at  the  point  of  application  will  represent 
the  component  foreeB.    (See  §  301.) 

93.  Example  of  Resolution  of  Forces.— As 

we  proceed  we  shall  find  more  than  one  exam|ile  of  the 
-resolution  of  forces,  A  single  one  will  answer  in  this 
It  is  a  familiar  fact  that  a  sail-boat  miiy  move  in  a 
ition  widely  dilToreiil.  from  tliat  of  the  propelling  wind, 
,  under  such  circumstances,  the  vclucity  of  the 
BS  than  it  would  ho  if  it  wero  saihng  In  the  d'rec- 
ft  pf  tibe  wij]<J.    Tie  force  clu^  to  tho  \) 


Fig.  15. 


-wind  is  twice  reeolved,  and  only  one  of  the  components 

ia  of  ase  in  urging  tlio  boat  forward.  In  Figure  15, 
let  EL  represent  tlie  keel  of  the 
boat ;  BG,  the  position  of  the  sail ; 
anAAB,  the  directiou  and  iiitenat; 
of  the  wind.  In  the  first  place, 
when  the  wind  Btrikes  the  sail  thus 
placed,  it  is  resolved  inlo  two  com- 
jiooeii  ts— 56'  parallel  to  tlie  sail,  and 
BD  perpendicular  to  tbe  sail.  It  ia 
evident  that  the  first  of  theao  is  of 
■  no  effect.  But  the  boat  does  not  move  in  the  dircctioD  ol 
BD,  which  is,  in  turn,  resolved  by  the  actiun  of  the  keel 
and  radder  into  two  forces,  BL  in  the  direction  of  the 
keel,  and  BE  perpendicular  to  it.  The  first  of  thesa  pro- 
duces the  forwitrd  movement  of  the  boat ;  the  second 
produces  a  lateral  pressure  or  tendency  to  drift,  which  is 
•  more  or  less  resisted  by  the  build  of  the  boat. 

93.  The  Third  Law.— Examples  of  the  third  law 

of  motion  are  Tery  common.  When  we  strike  an  e^ 
upon  a  table,  the  reaction  of  the  table  breaks  the  egg;  the 
action  of  the  egg  may  make  a  dent  in  the  table.  Tho  re- 
action of  the  air,  when  struck  by  the  wings  of  a  bird, 
supports  the  bird  if  the  action  be  greater  than  the  weight. 
The  oarsman  uiges  tho  water  backward  with  the  eama 
force  that  he  urges  his  boat  forward.  In  springing  from 
a  boat  to  tbe  shore,  muscnlur  action  tends  tu  di-ivo  the 
boat  adrift;  the  reaction,  tu  jiut  the  passt-nger  a^^hore. 

94.  Reaction   in    Non-elastic  Bodies. — The 

■■effects  of  action   and   reaolion  are   mudifiud  largely  by 
m»atjcitjr,  b^t  Hpvcf  so  ae  to  dcstroj  Uieu  «(:^\Mi)i\t^.    H^JE 
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>  clay  balls  of  equal  mass  by  strings  of  equal  lengths 
B  tliat  they  will  just  touch  each  other.  K  uue  be  drawii 
aside  and  let  fall  against 
the  other,  both  will  move 
forward,  but  only  hall'  aa 
far  as  the  6rst  would  had 
it  met  no  resistaiico.  The 
gain  of  uioraeututu  by  the 
second  is  due  to  the  action 
of  tho  first  It  is  equal 
to  the  loss  of  momentum 
by  the  first,  which  loss  is 
due  to  the  reaction  of  the 
<aecond. 

05.    ICeiictioii     In  . 
llastic    Buclics.  —  If 

two  ivory  balls,  which  are 
elastic,  be  similarly  placed, 
and  the  esperimeut  re- 
peated, it  will  be  found 
that  the  first  ball  will  give 

the  whole  of  its  motion  to  the  second  and  remain  still 
;ifter  striking,  while  the  second  will  awing  aa  far  as  tho 
first  would  have  done  if  it  had  met  no  resiatanec  In  this 
ease,  as  in  tlie  former,  it  will  be  seen  that  the  first  ball 
loses  just  as  much  momentum  as  the  second  gtuns. 

96,  Reflected    Mntion.^Jfefljected    Tnotion    it 
itloth  producpil  hy  flip  rpncilon  of  a  8wrfii.cf> 
'ten,  atlltr.h  hy  it  hoilij.  either  f-he  surface,  or  the 
f  both  fjcin^  clastie. 

'^^fodiug  &om  the  wall  of  a  bou»^  oi  Uui».  'CtjA 


mum  axd  motion, 

[•cushion  of  a  billiiuil-fctble,   is  an  example  of  reflucteil 
I  motion. 

97.  Law  of  Reflected  Motion.— Tlie  angle  in- 

cludi;d  between  tlie  direction  of  the  moyiiig  body  before  il 
strikes  the  reflecting  surface  and  a  perpendicular  to  thai 
iar£ic«  drawn  &om  the  point  of  contact,  's,  called  tJieaogla 


Fig.  17. 

of  incidence.  Tbo  angle  between  tbe  direction  of  Lba 
moving  body  after  atriking  and  tbe  perpendicular,  ig  called 
tbo  angle  of  reflection.  27^c  angle  of  irwidenee  U 
equal  to  the  angle  of  reflection,  and  lies  in  th» 
eajne  plane.  A  ball  shot  from  A  will  Tw  reflected  &i  B 
back  to  C,  making  tlio  angles  ABD  and  CBD  equal. 

Exercises.     {Answers  to  he  written^ 

"  1.  Tteprpsent  grapliicaWj  tlie  resnltant  of  two  foreef,  100  uiA  ISO 
pounds  respi'Clively,  GierlM  by  two  men  pulling  a  walgbt  In  IliB 
■ame  dlrcctinn.    Determine  its  value. 

'  2.  In  similar  manner,  repn-sent  the  resitlfant  of  tl>H  samo  fcrtM 
whtrn  the  men  pull  in  o[i|jtiHiti^  directions.     Determine  Ita  value. 

Suppose  an  attempt  \ie  niade  to  n>w  a  bnnt  at  the  rate  of  &W, 

!B  an  hour  directly  arrosa  a  Rtream  Qnwing  at  the   rate  of  iblH 

^(milca  an  hour.     Determine  the  dlrtHjtlon  sod  velocity  of  the  boat. 

'  -4    4.  A.  Sag  is  drawn  diiwnwnrd  64  rt.  from  the  mast  heJid  o!  h  miuf' 

lug  ehiti.     During  tlic  mime  time,  the  ship  movud  lornurd  24  &. 

Ri-pn-nent  tJie  diiection  and  length  of  tlie  actual  pabli  ol  the  flaff. 

S  ji,9a^arq/i^iVfiai^Blii  (lie  wt«  of  3  EV.  iL^^nM-Vt^ 
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sailing  at  the  rate  of  13  ft.  a  second.    Over  what  space  does  he 
actually  move  during  20  seconds  ? 

6.  A  foot-ball  simultaneously  receives  three  horizontal  blows ;  one 
from  the  north  having  a  force  of  10  pounds;  one  from  the  east  having 
a  force  of  15  pounds,  and  one  from  tlio  south-east  having  a  force 
of  804  kinetic  units.     Determine  the  direction  of  its  motion. 

7.  Why  does  a  cannon  recoil  or  a  shot-gun  '•  kick  "  wlien  fired? 
Why  does  not  the  velocity  of  the  gun  equal  thc^  velocity  of  the  sliot? 

8.  If  the  river  mentioned  in  the  tliird  problem  be  one  mile  wide, 
how  far  did  the  boat  move,  and  how  much  longer  did  it  take  to  cross 
than  if  the  water  had  been  still  ? 

9.  A  plank  12  feet  long  has  one  end  on  the  floor  and  the  other  end 
raised  6  feet.  A  50-pound  cask  is  being  rolled  up  the  plank.  Resolve 
die  gravity  of  the  cask  into  two  components,  one  perpendicular  to 
the  plank  to  indicate  the  plank's  upward  pressure,  and  one  parallel 
to  the  plank  to  indicate  the  muscular  force  needed  to  hold  the  cask 
in  place.    Find  the  magnitude  of  this  needed  muscular  force. 

10.  To  how  many  P.  P.  S.  units  of  force  is  the  weight  of  60  lb. 
equal? 

11.  To  how  many  C.  G.  S.  units  of  force  is  the  weight  of  60  Kg. 
equal? 

Becapitiilation. — To  be  amplified  by  the  pupil  for 
review. 
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GRAVITATION. 

98,  What  is  Gravitation? — Ei^enj  particle  of 
matter  in  the  universe  has  an  attraction  for 
every  .other  particle.  This  attractive  force  is 
calledi^ravitation. 

99.  Tliree  Important  Facts.— In  respect  to 
gravitation,  three  important  facts  have  been  established  : 

(1.)  It  acts  instantaneously.  Light  and  electricity 
require  time  to  traverse  space ;  not  so  with  this 
force.  If  a  new  star  were  created  in  distant 
space,  its  light  might  not  reach  the  earth  for 
hundreds  or  thousands  of  years.  It  might  be  in- 
visible for  many  generations  to  come,  but  \\spuU 
would  be  felt  by  the  earth  in  less  than  the  twink- 
ling of  an  eye. 

(2.)  It  is  unaffected  hy  the  interposition  of  any 
substance.  During  an  eclipse  of  the  sun,  the 
moon  is  between  the  sun  and  the  earth.  But 
at  such  a  time,  the  sun  and  earth  attract  each 
other  with  the  same  force  that  they  do  at  other 
times. 

(3.)  It  is  independent  of  the  hind  of  matter,  hut 
depends  upon  the  quantitrj  or  mass  and 
the  distance.  We  must  not  fall  into  the  error 
of  supposing  that  mass  means  size.  The  planet 
Jupiter  is  about  1300  times  as  large  as  the  earth, 
but  it  has  only  about  300  times  as  much  matter 
because  it  is  only  0.23  as  dense. 


loo.  Law«  of  Gravitation.— (1)  OravitatioTi 

'viries  directly  as  the  product,  of  the  maesc». 
riS.)  Oravitalion.  varies  invcrseb/  as  the  sgjta.iv-  of 
fe  distance  (hetweeu  the  centres  of  gravity,  §  107). 
for  example,  doubling  the  product  doubles  tlio  attrae- 
doubling   the   distance,   quarters    the    uttractioB ; . 
iotiljling  btith  the  product  and  the  distance  will  halve  the 
lillttraction.    Trebling  the  product  will  multiply  thelittrac- 
tion  by  three;  ti'ebling  the  distauce  will  dinde  the  attruc-    ■ 
tjon  by  nine  ;  trebliug  both  the  product  and  the  distance 

Lirill  divide  the  attraction  by  three  ( '^  =  -  I, 

lOl,  Equality  of  Attraction.  —  79ie  force 
terted  by  one  body  upon  a  seooTbd  is  the  same  as 
at  exerted  hy  the  second  upon  the  first. 
The  earth  draws  the  falling  applo  with  a  force  that  givea 
H  a  certaiu  momontum ;  the  applo  draws  the  earth  with  an 
equal  force  which  gives  to  it  au  equal  momentum. 

103,  Gravity. — The  most  familiar  illustration  of  grav- 
itation is  the  attraction  between  the  earth  and  bodies 
upon  or  near  its  surface.  This  particnlar  form  of  grav- 
itation is  commonly  called  gravity;  ila  measure  is  weight; 
its  direction  is  that  of  the  plumb-line,  i.  e.,  vertical. 

103.  Weight, — Tlis  weight  of  abt/di/vm-ies  directly ': 
as  the  rnass  and  inversely  as  the  square  of  the  distance  \ 
heiween  its  centre  of  gravity  and  that  of  the  earth.,' 
B  maas  of  the  earth  remaining  constant,  doubling  the 
Bof  the  body  weighed  doubles  the  product  of  the  masses 
■)  and,  consequently,  donbles  the  weight.  Wlien  we 
m  the  siirTaee  there  is  nothing  to  interfere  with  the 
t  thislaw;  bat  when  we  descend  ?Yom\\\ft?iaVi.tttR, 
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we  leave  behind  us  particles  of  matter  whose  attraction 
partly  counterbalances  that  of  tiie  rest  of  the  earth. 

104.  All  Example. — Consider  the  earth's  radius 
to  be  4,000  miles,  and  the  earth's  density  to  be  uuifonn. 
A.t  the  centre,  a  body,  whose  weight  at  the  surface  \a 
100  pounds,  would  be  attracted  in  eveiy  direction 
with  equal  force.  The  resultant  (^f  these  equal  and  oppo- 
site forces  would  be  zero,  and  the  body  would  have  no 
weiglit.  At  1,000  miles  from  \\\q  centre,  one  fourth  of  the 
distance  to  the  suiface,  it  would  weigh  25  pounds,  one- 
fourth  the  surface  weight;  at  2,000  miles  from  the  centre, 
50  x>ounds ;  at  3,000  miles  from  the  centre,  75  pounds ;  at 
4,000  miles  from  the  centre,  or  the  surface  distance,  it 
would  weigh  100  pounds  or  the  full  surface  weight.  If 
carried  up  still  further,  tlio  weight  will  decrease  according 
to  the  square  of  the  distance.  At  an  elevation  of  4,000 
miles  above  the  surface  (8,000  miles  from  the  centre)  it 
will  weigh  25  pounds,  or  one-fourth  the  surface  weight. 

105.  Law  of  Weight. — Bodies  weigh  most  at 
the  surface  of  the  earth.  Below  the  surfrice,  the 
weight  decreases  as  the  distance  to  the  centre  de- 
creases. Above  the  surface,  the  weight  decreases  as 
the  square  of  the  distance  from  the  centre  inr 
creases, 

106.  Formulas    for    Gravity  Problems.— 

Representing  the  surface  weight  by  W  and  the  surface,  dis- 
tance (4,000  miles)  by  D,  the  other  weight  l)y  w,  and  the 
other  distance  from  the  earth's  centre  by  d,  the  above  law 
may  be  algebraically  expressed  as  follows: 

Below  the  earth's  surface :    w  \  W  w  d  :  D. 
Above  the  earth's  surface:    w  \  W  w  U^\  c5» 


IT  bBloW 

■eigh  only  tour  [wiii 


the  Biirfftw  nf  tin- 


irili  wiU  a  ten-poui 


Fonuula:  -r  :   If::  d  :  D.      \rl  -  1600,  IV   ii.imber  of  mllM 

Substituting :       4  r  10  :;  rf  :  4000  I  fr.>m  thy  (y-ntre. 

4000  -  16U0  =  a4(KI.  llio  nunibiir  of  miles  btlnw  tlie  Bortacc—Ant. 
^^-t.  Wbat  would  B  hoiy  WBifjliing  550  lbs.  <pii  llie  surface  of  the 
^^b(h  weigh  3,000  miles  below  the  Burlitct  V  A/u.  13T|  Iba. 

^^^K  Two  bodies  uttract  each  other  witli  a  certain  furi'ii  when  they 
^^B(^  m.  (.part.  How  rnn:i;  tiiiieB  will  the  sltruction  be  increased 
^^^fen  they  nre  50  m.  npnrt  ?  Ana.  SJ. 

^^^R.  Oiven  three  balle.  Thu  first  welgtiB  6  Ilia,  and  is  35  ft,  distent 
^^^ki  the  third.  The  second  weighs  0  Ibg.  and  is  50  ft,  distuot  from 
^^HR  third,  (a)  Which  exerts  the  greater  force  upon  the  third  T 
^^^   How  many  times  as  great  ?  Ann.  J. 

5.  A  body  at  the  earth's  surface  weighs  900  pounds  :   what  would 
it  weigh  8,000  miles  abore  the  surface  ? 

6-  How  faraltove  thsHurfaceof  the  earth  will  a  pound  avoirdupois 
~   _h  only  au  ounce?  Aim.   13, 1  KM)  miles. 

I  At  a  bright  of   3,000  miles   adOve   the  surface  of  the  earth, 
'  It  wnuld  be  the  diiferenoe  in  the  wtighta  ol  a  man  weighing  200 

d  of  a  boy  weighing  100  lbs.  T  A,i^.  :12.8.1  lb. 

[  Find  the  weight  of  a  ISO  lb,  ball  (a)  2,000  miles  above  the 

'aanrhce;  (b)  '2,000  miles  below  the  surface. 
I  (a>  Would  n  50  lb.  cannon  ball  weigh  more  1.000  miles  above 
Ih'sBurface,  orl.OOOmllesbelow  it?    (6)   Howrauchf 
I,  If  tlie  moon  were  moved  to  three  times  its  present 
;  the  earth,  what  would  be  the  effect  (ni  on 
bfilthl    (6)   On  tlie  earth's  nttraetion  for  it? 
.  How  tar  below  t!ie  surfnre  of  the  earth  must  an  avoirdupois 
A  wdg;ht  br  pInccH  in  order  t/i  weigh  one  ounce? 
L  Haw  far  above  the  surface  of  the  earth  moat  3,700  pounds  Im 
'  d  lo  weigh  1,200  pounds  ?  Aii».  2.000  miles, 

it  effect  would  it  have  on  the  weight  of  a  body  to  double 
'  the  body  snil  also  to  double  the  mass  of  tiie  earth  ? 


Ot.  Centre  <»f  Omvity. —  Th<!  centre  of  grnv- 
\  of  a  hotly  is  the  point  iihotit  ivhldh  all  the 
t  iUi  body  may  h&  boloiiced. 


Fig.  18. 


The  force  of  gravity  tends  to  draw  every  particle  (A 
I  matter  towiml  the  centre  of  the  earth,  01  downward  in  a 
vertical  line.  We  may  therefore 
cousider  the  effect  of  this  force 
upon  any  body  a&  the  .■<um  of  an 
I  almost  infinite-  number  of  paral- 
lel forces,  each  of  which  ia  acting 
npon  one  of  the  molecnlea  oi 
which  that  body  is  composed. 
Wo  may  also  consider  this  eum 
of  forces,  or  total  gravity,  a» 
acting  npon  a  eingle  point,  just 
as  the  force  exerted  by  two 
horses  harnessed  to  a  whiffle- 
ia  equivalent  to  another  force  (resultant)  equal  to  the 
I  sum  of  the  forces  exerted  by  the  horses,  and  applied  at  a 
\  tingle  point  at  or  near  the  middle  of  the  whiffle-tree. 
I  This  single  point,  which  may  thus  be  regarded  as  the 
point  of  application  of  the 
force  of  gravity  acting  npon  a 
body,  i'j  called  the  centre  of 
gravity  of  that  body.  In  other 
words,  the  weight  of  a  body 
may  be  considered  as  oonoeil* 
trated  at  the  centre  of  gravity- 

108.  How  to  And  the 
Centre  of  Gra\ily.  —  In 

a  freely  moving  body,  the  cen- 
tre of  gravity  wiU  be  bronghi 
iLs  low  as  possible,  and  will, 
therefore,  lie  in  a  vertical  lisg 
Fio.  ig.  drawn  thiovig)i.  ft\^  \o^ 


i 


■pport.    This  fact  affords  a  rouJy  mcaos  of  iletennid 

Bke  centre  of  gravity  experimeu tally. 

Let  any  irregularly  shitj>cd  iiody,  aa  a  stoiio  or  cliair,  ho 
saspended  so  ae  to  move  I'rcely.  Drop  a  iiliitub-iJiiu  froa 
the  point  of  suspension,  aud  niiike  it  Sasl  or  mark  Jls  direc- 
tion. The  centre  of  gravity  will  lie  in  this  lino.  From  a 
second  point,  not  in  the  lino  already  dcti'miiued,  sueponil 
the  budy;  let  fall  a  plumb-line  aa  before.  The  centre  of 
gravity  will  lie  in  this  line  also.  Bot  to  lie  in  liotU  lines,  this 
centre  of  gravity  must  lie  at  their  intersection.     (Fig.  10.) 

.09.  May  be  Ontside  of  the  Body.~The  cen- 

of  gravity  may  be  outside  of  the  matter  of  which  a 
ly  oonsiaf^  aa  In  the  case  of  a  ring,  holluw  s])liere,  bos, 
The  same  fact  is  illustrated  by  the  "  balancer," 
represented  in  the  figure.  The  centre 
of  gravity  ia  in  the  line  joining  the 
two  beavy  balls,  and  thus  under  the 
foot  of  the  waltzing  figure.  But  the 
point  wherever  found  will  have  the 
same  properties  aa  if  it  lay  in  the  maaa 
of  the  body.  In  a  freely  falling  body, 
no  matter  bow  irregular  its  form,  or 
how  iDdoscribable  the  curves  mado  by 
any  of  its  projecting  parts,  the  line  of 
direction  in  which  the  centre  of  grav- 
ity or  point  of  application  moves  will 
be  a  vertical  line  (g  65  [3]  ). 

Fig.  2o.  IIO.   EqiiiUbriiim. — Inasmuch 

as  the  centre  of  gravity  ia  the  point  at 
which  the  weight  of  a  body  ia  concentrated,  when  the 
Efntre  o/  ^^ravlhj  is  SltppoHeCi.  the  wluHt  "boAy  ^ 


I 


Urest  in  a  state  of  equUibriwm.    The  centre  of  gravi^ 

I  will  be  supported  wiieu  it  coiucides  wiLli  the  poiut  of  enp- 
^rt,  or  is  lu  the  same  veiticui  liue  with  it. 

111.  Stable  EqiiiUbrUuii.— .'i  bodij  sa/jported 
in  sttch  ti  tvay  that,  vhew  slighihj  (lisp/aced  from 
I  tts  positioib  of  equilibriibiib,  it  teiui^  to  return 
!  to  that  position.,  is  said  to  be  in  stable  equili- 
brium-. Sach  a  displacemeut  raises  the  centre  of  grav* 
ity.  Examples:  a  disc  supported  above  the  centre;  a 
ni-splierical  oil-caii ;  a  right  cone  placed  upon  its 
u  pendulum  or  plumb-line.  The  oiviilry-man 
represented  iu  Fig,  31,  is  in  stable  equilibrium,  and 
may  rock  up  and  down, 
balanced  upon  his  horse's 
hind  -  feet,  because  the 
heavy  bull  brings  the  cen- 
tre of  gravity  of  the  com- 
bined mass  below  the 
poiuta  of  support.  The 
"balancer"  (Fig.  20)  af- 
fords another  example  of 
stable  equilibrium. 

113.  Unstable  Equl-  pj^  j, 

librlum.— .-^  body  sup- 
ported in  such  a  way  that,  uhen  shghth/  dtsjilaeed 
from  its  position'  of  equilibrium  it  tenri'i  to  fall 
further  from  that  position,  is  snid  ti  be  m  unstaXAt 
eqitUihriurn:  Such  a  displacement  lowers  tlie  centre  o( 
gravity.  The  body  will  not  come  to  rest  until  the  ceatfB 
;o'ravity  has  reached  the  lowest  possible  point,  vhaiit 

'  ba  IB  stable  euniKI 
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i  below  its  centre ;  a  riglit  cone  [Jaoed  on  ita  apes; 
;  atandJng  on  its  end;    or  a  stick  bulan«3d  iipriglil 
wu  tlie  finger. 

.  Neutral  Eqnilibriiim.— ^  b/jcfjf  mppoHcd 
sudt.  a  way  that,  when  lUsfAaced  /'rank  Us 
jsiiion  of  equilibrium,  it  tends  neither  to  return 
f  its  former  position,  nor  to  faU  further  from  it, 
is  said  to  be  in  neutral  or  indifferent  e-ffuilibrium. 
Such  a  displacement  neither  raises  nor  lowora  ILo  cfcntre 
ol  grarity.  Examples:  A  diso  eiipiiorted  at  itscentre;  a 
Bpliere  resting  on  a  horizontal  Eaiiace ;  a  right  cone  rest- 
ing on  ite  side. 
(a.)  In  the  actoinpanying  figure  M,  N  and  0  represent  tliree  cone* 
plared  feejici'tlveir 

of   «iuili. 

TliP  letter 

I  g  bIiowh  tlie  piiBi- 

'  tion  at  the  centre 

nf  grnvity  in  eacU 

body    liave 

twii  or  more  i>oinl8 

of  Bupiiort  lyiiipin 

UiB  Bame  atraigbt  line  the  Imily  » ill  be  in  jif  ulral   Btubte  nr  uiistalilii 

e(|iulibriain  Bcwjrdmg'  bs  tbr  tentra  of  gravity  hea  in  tlus  liue,  Is 

directly  below  It  or  above  It 

114.  Line  of  Direction — A  lertical  Une  dritivn 
dorcnjrarrf  fi-nrn-  the  emtre  of  graiih/  ji  called  (he 
lin-e  of  dtrecfinn.  As  we  have  seen,  it  repre^nts  the 
direction  In  whi'li  the  renlre  of  gnytt3  would  move  if 
the  body  were  niisnp))ort('d.  Tt  may  be  considered  aa  ii 
line  connecting  tlie  centre  of  grayitj  of  the  given  body 
^^W(I  the  centre  of  the  earth. 

^^^ttl5.  TTie   Base. —  TTii^   side   on   irhich   n   body 
^^^t^4?  ea&fil  Us  base.    U  Uio  .bistd^  baaufV'^^'w^  Qi^ 


SRAVITATinN. 


legs,  38  a  chair,  the  hase  ia  the  polygon  formed  by  joiaiag 
the  points  of  support. 

116.  Stability. —  JVJien    the    line   of   direetion 

falls  within  the-  base,  the  body  stands ;  when  leith' 

tut  the  ba^e,  the  body  falls. 
In  the  case  of  the  tower  represented  in  Fig.  23,  if  tha 
k  npper  part  be  removed,  the  hne  of  direetion  will  be  as 
'  shown  hy  the  left  hand  dotted  line.     It  falls  within  the 

baee,  and  the  tower  stands.    When  the  upper  part  is  fast- 
ened to  the  tower,  the  line  of  direction  ia  represented  bj 

the  right  hand  dotted  line.    This  fiills 

without  the  base,  and  the  tower  falls. 

The  stability  of  bodies  is  measured 

by  tho  amount  of  work  necessary  to 

overturn  them.    This  depends  upon 

tlie  diBtance  tiiat  it  is  necessary  to 

raise  the  centre  of  gravity  (equivalent 

to  raising  the  whole  body),  that  the 

line  of  direction  may  fall  without  the 

base.    Wlien  the  body  rests  upon  a 

point,  aa  does  the  sphere,  or  upon  a 

line,  as  does  the  cylinder,  a  very  slight 
[  force  is  sufficient  to  move  it,  no  cdevation  of  the  centre  at 
[  gravity  being  necessary.  The  broader  the  base,  and  tho 
I  lower  the  centre  of  gravity,  the  greater  the  stability. 

117.  ninstruticmH  of  Stability.— Lot  the  figtue 
I  represent  tlio  vortical  scctioji  of  a  brick  pla<?ed  upon  its 
'   side,  its  position  of  greatest 

I  stability.  In  onler  to  stand 
the  brick  upon  its  end,  g,  tho 
centre  of  gravity,  must  pass 


r=^ 


•theedgcc.    Tijat  is  to 


V\Q.H- 


Bay,  the  centre  of  gnmty  mnat  bo  raised  a  distance  c 

to  tlie  difference  between  ga  and  go,  or  the  diatauof 
Bnt  to  lift^  this  distance  is  the  game  as  to  lift  the  « 
briek  vertically  a  distanco  eqnal  to  tie.  How  draw  similar 
fignrca  for  the  brick  when  placed  upon  its  edge  and  upon 
ita  cud.  In  each  case  make  gn  equal  to  ga,  and  see  that 
the  value  of  ne  decreases.  But  nc  represents  the  distance 
that  the  brick,  or  its  centre  of  gravity,  must  be  raised 
before  the  line  of  direction  can  fall  without  the  base,  aud 
tiie  body  be  overturned.  To  lift  the  brick,  or  ils  centre  of 
gravity,  a  small  distance  involves  less  work  than  to  lift  it 
a  greater  distance.  Therefore,  the  greater  the  valne  of  Jic, 
the  more  work  required  to  overturn  the  body,  or  the 
greater  its  stability.  But  this  greater  value  of  nc  evidently 
(lependa  upon  a  larger  base,  a  lower  position  for  the  centra 
of  gravity,  or  both. 


(i,)  TheflB  factB  fsplain  the  stability  of  leaning  towers  like  thosa 
et  PlsB  ftiid  Bologuti,  In  Boiue  aneli  towers  tlie  ceuire  of  lErravily 
la  lowered  tj-  UKug  heavy  materiaJa  for  the  lower  part  and  liglit 
materials  for  the  upper  part  of  the  structure.  It  is  difficult  to  staud 
apoa  ooe  toot  or  to  w^ik  apoa  a  tight  rope  becaoae  ot  'l\i«  stut^cK^ 
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of  the  base.  A  porter  carrying  a  pack  is  obliged  to  lean  forward ; 
a  man  carrying  a  load  in  one  hand  is  obliged  to  lean  away  from  the 
load,  to  keep  the  common  centre  of  gravity  of  man  and  load  over 
the  base  formed  by  joining  the  extremities  of  his  feet.  Why  does  a 
person  stand  less  firmly  when  his  feet  are  parallel  and  close  together 
than  when  they  are  more  gracefully  placed  ?  Why  can  a  child  walk 
more  easily  with  a  cane  than  without  ?  Why  will  a  book  placed  on 
a  desk-lid  stay  there  while  a  marble  would  roll  off?  Why  is  a  ton 
of  stone  on  a  wagon  less  likely  to  upset  than  a  ton  of  hay  similarly 
placed? 

EXEBCISES. 

Explanatory  Note. — The  first  problem  in  the  table  below  may  be 
read  as  follows :  What  will  be  the  weight  of  a  body  which  weighs 
1200  pounds  at  the  surface  of  the  earth,  when  placed  2000  miles 
below  the  surface  ?  When  placed  4000  miles  above  the  surface  ? 
(Radius  of  earth=4000  miles.)  All  of  the  measurements  are  from 
the  surface. 


EB  OF 

Below  Sukfage. 

At  Subfage. 

Above  Subfaob. 

SI 

Pounds. 

Miles  from 
Surface. 

Pounds. 

Pounds. 

Miles  from 
Sar&ce. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

? 

300 
? 

? 
100 

260 

■? 

• 

12i 
? 
90 
160 
201.6 
256 
20250 
f   i 

2000 

? 
3000 
1000 

? 
8000 
1600 

? 
8250 

? 

9 

• 

2600 
? 
? 

2Qm 

1200  . 

1200 

800 

150 

400 

? 

? 
100 
480 
450 
256 

? 

? 
324000 

? 

? 
633} 

? 

? 

100 

? 

32 

25 

? 

50 

? 

16 

40.96 
9000 
1280 

4000 

? 
6000 
1000 

? 
4000 
6000 

? 
2000 

? 
12000 

? 
16000 

t 
9000 

^Section  m. 
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capitulation.  ^Iti  this  sectigu  we  have  tMrneid) 
'itation ;  Facts  oonceroiug  it; 
Gravity;  Weight;  Law  of  Weight;  Centre 
of  Gravity;  Equilibrium  nnd  Stability  ot 
Bodies. 

IJ18.  A  ConatJUit  Force,— Tho  iGudaticy  uf  force 
generally  to  product;  motion.  Acting  on  a  giveu  i 
for  a  given  time,  a  given  foroe  will  produce  a  ccrtuin 
velocity.  If  the  same  force  acts  on  the  same  miias  lor 
twice  the  time  it  will  produce  a  double  velocity,  .i  force 
which  thus  continues  to  act  tmifannhj  upon  a 
body,  even  after  ths  body  has  hcgtin,  lo  move,  is 
called  n  consfn/U  force.  The  Telocity  thus  prodneed 
is  called  a  uniformly  accelerated  velocity.  If  acoustaat 
force  givee  a  body  a  velocity  of  10  feet  in  one  second,  it 
will  give  a  velocity  of  20  feet  in  two  seconds,  of  30  feet  in 
three  seconds,  and  so  on.     The  force  of  gmvifcy  is  a  con- 

^fltant  force  and  the  velocity  it  imparts  to  the  falling  body 

^^K^  oniformly  accelerated  velocity. 

^K^tO.    Velocities    of    Falling    Bodies.  — If    a 

lather  and  a  cent  be  ditipped  from  (.he  simie  height,  the 
;Diit  will  reach  the  ground  first.  This  i,?  not  because  thf 
yat  is  heavier,  but  because  the  feather  meet^s  with  more 
9  from  the  air.  If  this  reaistauce  laiu  he  itiiioved. 
Vtwa  btiditiK  will  full  L'tjiial  diatancua  \a  w\ii«^  Hj«aa;, 
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Bumc  velocity.  This  FGEistance  msj 
be  avoided  by  trying  the  exjiori' 
ment  in  a,  glass  tube  from  whioh 
the  air  has  been  removed.  The  re- 
sistJiTiCTS  may  be  nearly  equalized  by 
making  the  two  falling  bodies  tA 
tlje  same  size  and  shape  but  of  dif- 
fcrent  weights.  Take  an  iron  and 
a  wooden  ball  of  the  same  size,  dn^ 
them  at  the  same  time  &om  Bfl 
upper  window,  and  notice  that  they 
will  strike  the  ground  at  seoBibly 
the  same  time. 

120.  Reason  of  this  BIqual' 
ity. — TliL'  cent  is  heavier  than  the 
feather  and  is  therefore  acted  njMn 
by  a  greater  force.  The  iron  ball 
hits  the  greater  weight,  which  shows 
.  that  it  is  acted  upon  by  a  greutel 

50  than  the  wooden  ball     But 

Fic.  36.  this   greater  force  has   to  move  a 

greater  mass,  has  to  do  more  woi^ 
than  the  lesser  force.  For  the  greater  force  to  do  &fi 
I  greater  work  reqiUres  as  nvuch  titne  as  for  tiifl; 
lesser  force  to  do  the  lesser  it'oik.  The  working  fblQK, 
and  the  work  to  be  done  ind'eaee  in  the  same  ratio.  41 
regiment  will  march  a  mile  in  no  lees  time  than  a  sln^ 
soldier  wonld  do  it ;  a  thousatid  molecules  can  fall  no  ft^^ 
ther  in  a  ficcond  Ihan  a  single  molernio  can. 

121.    Galileo's    Device. — ^To  avoid  the  neceanfj' 

/hr  great  hei^Iite,  and  tho  interference  of  rapid  motioS- 

]jHth   accurate   observations,   QaiiiVeQ    uaciV  ^ia  ^^^^jfiB 


B,  bi 
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pluoe,  ooDsisting  of  a  long  ruler  liavJiig  a  grooved  edge, 
down  whicli  a  beavy  ball  was  made  to  roll.  In  tbia  way 
he  reduced  the  velocity,  and  diminiBhed  tbo  inurtering 
roeistauce  of  the  atniosphero  without  otherwise  ebanging 
the  nature  of  the  motion. 
Let  AB  represent  u  plane  so 
inclined  that  the  yelocity  of 
a  body  i-ollijig  from  B  toward   ■ 

will  be  reiidily  obKorvabio. 

it  C  be  a  beavy  ball.     The 

tvitj  of  the  ball  may  be 
represented  by  the  vertical 
line  OD.  But  CD  mny  be  resolved  into  CF,  which  repre- 
gents  a  foi-ce  acting  perpendicular  to  the  plane  and  pro- 
ducing pressure  npon  it  but  no  motion  at  all,  and  CE, 
which  represents  a  force  acting  parallel  to  the  plane,  the 
only  foree  of  any  effect  in  prodncing  motion.  It  may  b« 
shown  geometrically  that 

EC  :  CD  ::  BG  :  BA.    {Olney's  Oeomelrtf,  Art.  341.) 

By  reducing,  therefore,  the  inclination  of  the  plane  we 
may  reduce  the  magnitude  of  tlie  motion -producing  com- 
ponent of  the  foree  of  gravity  and  thus  reduce  the  velocity, 
Thi.s  will  not  affect  the  laws  of  the  motion,  that  motion 

changed  only  in  amount, 

all  in  ofaaraeter. 

83.  Attwood's  Device. 

EPor  tba  purpose  of  lessening 
r  velocity  of  falling  bodies 
t  changing  tbo  cliiiriicter 
motion,  Mr.  Attwood 
\joachitw  which  lias 
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^T 

^5J^|^            'aiim  'ii»  MiMi-  'ifll 

n^alBH)                   wood's  machine  ccnutj 

^V 

|9BBPI                  esntkllj  gf   a  wheal 

■          H^B 

K,    about     eix    iticha 

K            ':JnH 

in   diameter,  over    tb( 

grooved  edge  of  whicl 

■ 

are  balanced  two  equa 

^H 

weights,   suspended  bj 

^^1 

a  long  silk  thread,  which 

^^^ 

'  H 

is  both  light  and  strong 

^H 

The  axle  of  this  wbee 

^ 

is  supported  upon  th 
circumferences  of  fou 
friction  wheels,  r,  r,r,f, 
for  greater  delicacy  o 
motion.  As  the  tlina 
is  GO  light  that  it 
weight    may  be   disre 

-^ 

garded,    it    ia    eviden 

that  the  weights  willb 

■" 

in  equiUhrium  whafa?f 
their  position 

ii^l   y^^.            ThisapparatuaiflBUj 

^H  ^^^^       ported  ii|)aii  a  woodei 

1^1  ^^^^       pillar,  seven  or  eight  EM 

aJ 

H  ^^        bigh.     The    silk    001 

^^1   ^                 carryiBg  K,  one  of  A 

m^  ^'  ^y*       weights,  pasBCB  in  &in 
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1 '. '  i^^^^^^^^  of     a    graduated    iq 
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^^j^^^^^^l^^gj^^^^^^g 

rALhiya   BODIES. 

1  may  be  faetenetl  in  a  horizontal  position  for 

Kjrt  of  K  at  the  top  uf  the  graduated  rod.     T 

t/  uIbo  be  dropped  to  a  vortical  poBJlion,  thus  allowing 

|en  loaded,  to  fall.     A  clock,  with  ii  pondulum  heuting 

Jonds,  servefl  for  the  measiuvuieut  of  time,  aud  tbu  drop 

ping  of  the  plate  at  the  top  of  the  pillar.    A  weight  or 

rider,  tn,  ia  to  be  placed  upon  K,  and  give  it  a  downward 

Btioli.  Levelling  sorewa  are  provided  by  means  of  which 
graduated  rod  may  be  made  vertical,  and  K  be  made 
jass  through  the  middle  of  B, 

{a.)  Suppose  that  K  and  K'  wei^  315  grainB  each,  and  that  the 
rider  m  wi'ig\is  10  gruma.  When  m  ia  placed  upon  K  aiid  the  ]i\ate 
droppid  hj  the  uction  of  the  clock,  the  gravity  of  m  causes  the 
Wrights  to  move.  We  now  have  the  motion  of  840  graias  produced 
by  the  giuvitj  of  only  10  grams.  When  this  force  (gravily)  moves 
only  10  grams  it  will  give  it  a  certain  velocity.  When  the  sania 
brce  moves  640  grams  it  has  to  do  64  times  bb  much  wort,  and  can 
do  it  with  only  ^  the  velocity.  Id  ihia  way  we  are  able  to  pve  to 
K  and  m  any  velocity  of  fall  that  vre  desire. 

133.  Experinieuts. — Airange  the  apparatus  by  sup- 

'ting  K  and  m  npon  the  shelf  n.    Aa  the  bund  of  the 

ik  paasea  a  certain  point  on  the  dial,  12  for  example, 

shelf  n  is  dropped  and  the  weighla  begin  to  move.    By 

"Tew  trials,  B  may  be  so  placed  that  at  the  end  of  one 

second  it  will  lift  m  from  K,  and  thus  show  how  far  the 

weights  fall  in  one  second.     Other  experiments  will  show 

how  many  such  spaces  they  will  fall  in  the  next  second  or 

in  two  seconds ;   in  the  third  second  or  in  three  seconds; 

the  fourth  second  or  in  four  seconds,  etc. 

luppose  that  B  lifts  off  m  at  the  end  of  the  first  second. 

moving  force  being  nn  longer  at  work,  inertia  will 

K  nioWng  with  the  s,anie  velocity  thnt  it  bad  at  the 

of  the  first  second.     By  plaf;ing  A  ao  that  K  will  reach 

^  the  eecoiiil  second,  tlie  ^^aiu»  K&  '41'^ 


^^Ht: 
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indicate  the  velocity  with  which  K  was  moving  when  it 
passed  B  at  the  end  of  the  first  second.  In  a  similar  way 
the  velocity  at  the  end  of  the  second,  third,  or  fourth 
second  may  be  found. 

134.  Results. — Whatever  the  space  passed  over  in  the 
first  second  by  the  weights  or  the  ball,  it  will  be  found 
that  there  is  an  uniform  increase  of  velocity.  Galileo  found 
that  if  the  plane  was  so  inclined  that  the  ball  would  roll 
one  foot  during  the  first  second,  it  would  roll  three  feet 
daring  the  next  second,  five  feet  during  the  third,  and  so 
on,  the  common  difference  being  two  feet,  or  twice  the  dis- 
iance  traversed  in  the  first  second. 

He  found  that  under  the  circumstances  supposed,  the 
ball  would  have  a  velocity  of  two  feet  at  the  end  of  the 
first  second,  of  four  feet  at  the  end  of  the  next,  of  six  feet 
at  the  end  of  the  third,  and  so  on,  the  increase  of  velocity 
during  the  first  second  being  the  same  as  the  increase 
Juring  any  subsequent  second. 

He  found  that,  under  the  circumstances  supposed,  the 
ball  would  pass  over  one  foot  during  one  second,  four  feet 
during  two  seconds,  and  nine  feet  during  three  seconds, 
and  so  on.  Similar  results  may  be  obtained  with  Att- 
wood's  machine. 

135.  Table  of  Results. — ^These  results  are  gener- 
ftlized  in  the  following  table,  in  which  t  represents  any 
given  number  of  seconds: 

Number  of      Spaces  faUen  during       Vdocities  at  the  Mid       ToUA  Numbetqf 
Seconds.  each  Second.  of  each  Second.  Spaces  fattm, 

1 1 2 1   < 

2 3 4 4 

3 5 6 ....9 

4 7 8 16 

eUR,                      etc,                            etc.                       etc. 
^' .2^-1 2t .t"^  ' 
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I-126.  Uniiiipede^l  Fall. — By  transferring  matter 
roin  K'  tu  K,  thu  velocity  with  which  the  weights  more 
will  be  increased.  When  all  of  K'  has  been  transferred  to 
K,  the  weights  will  fall,  in  this  latitude,  16.0S  ft. 
or  4-9  m.  during  the  first  second. 

If  the  plane  be  given  a  greater  inclination,  tlie  ball  will, 

of  eoTirso,  roll  more  rapidly  and  our  unit  of  space  will  in- 

creaee  from  one  foot,  aiS  supposed  thus  far,  to  two,  three, 

foiir  or  five  feet,  and  bo  on,  but  the  number  of  such  spaces 

will  remain  &&  indicated  in  the  table  above.     By  disrc- 

gnrding  the  resistance  of  the  air,  we  may  say  that  when 

the  pltinc  becomes   vertical,  the  body   becomes  a  freely 

falling  body.     Our  unit  of  space  has  now  become  16.08  ft. 

or  4.9  m..    It  will  fall  this  dislauce  during  the  first  second, 

three  times  this  distance  during  the  next  second,  five  times 

^^jia  distance  during  the  third  second,  and  so  on. 

^nt37.  Increment  of  Velocity. — DuHng  the  first 

^^^ond  the  fredy  faUing  body  iiiU  gain  a  velocity 

of  3S.16  feet.     It  wUl   make  a  like  gain  of  velocity 

duiing  each  subsequent  second  of  its  fall.    This  distance 

is  therefore  called  the  increment  of  velocity  duo  to  gravity, 

and  is  generally  represented  by  j  =  32.16  ft.  or  9.8  m. 

Jfete — This  value  muat  not  lie  forgotten. 

138.  Formulas  for  Falling  Bodies.— If  now  we 

represent  our  space  by  Jy,  the  velocity  at  the  end  of  any 

second  by  v,  the  number  of  seconds  by  /,  the  spaces  fallen 

each  aecond  by  s,  and  the  toUl  space  fallen  through  by  ,% 

we  shall   have  the  following  formulas  for  fireely  falling 

Ixidies  : 

(1.)   v  =  gt  or  ig  xU. 
{%.)   s^\g{-Zt~\), 
(3.)  S  =  ^f. 
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129.  Laws  of  Falling  Bodies.— These  formulaa 
may  be  translat-ed  into  ordinary  language  as  follows : 

(1.)  The  velocity  of  a  freely  falling  body  at  the  end  of 
any  second  of  its  descent  is  equal  to  32.16  ft.  (9.8  m)  mul- 
tiplied by  the  number  of  the  second. 

(2.)  The  distance  traversed  by  a  freely  falling  body 
during  any  second  of  its  descent  is  equal  to  16.08  ft.  (4.9  m) 
multiplied  by  one  less  than  twice  the  number  of  seconds. 

(3.)  The  distance  traversed  by  a  freely-falling  body 
during  any  number  of  seconds  is  equal  to  16.08  ft.  (4.9  m.) 
multiplied  by  the  square  of  the  number  of  seconds. 

130.  For  Bodies  Boiling  Down  an  Inclined 
Plane. — ^If  the  body  be  rolling  down  an  inclined  plane 
instead  of  freely  falling,  of  course  the  increment  of  velocity 
will  be  less  than  32.16  ft.  The  formulas  above  given  may 
be  made  applicable  by  multiplying  the  value  of  g  by  the 
ratio  between  the  height  and  length  of  the  plane. 

131.  Initial   Velocity  of  Falling  Bodies. - 

We  have  been  considering  bodies  falling  from  a  state  of 
rest,  gravity  being  the  only  force  that  produced  the  motion. 
But  a  body  may  be  thrown  downward  as  well  as  dropped. 
In  such  a  case,  the  effect  of  the  throw  must  be  added  to 
the  effect  of  gravity.  It  becomes  an  illustration  of  the 
first  case  under  Composition  of  Forces  (§  80),  the  resultant 
being  the  sum  of  the  components.  If  a  body  be  thrown 
downward  with  an  initial  velocity  of  fifty  feet  per  second^ 
the  formulas  will  become  v  =  gt  +  50 ;  s  =i  \§  {St-^l) 
J\r50;  S  =  igt^  +  GOt. 

133.  Ascending  Bodies. — In  the  consideration  of 

ascending  bodies  we  have  the  direct  opposite  of  the  laws  of 

falling  bodies.     When  a  body  is  thiowu  io^'NTt^^t^^  %]CKdt?{ 


uses  ita  velocity  every  second  by  the  f^uantity  g. 
pen  a  body  ia  thrown  upward,  gravity  dimiuiBlies  ite 
dty  every  second  by  the  same  qaniitity.  llunce  the 
be  of  its  ascent  will  be  found  by  dividing  its  initial 
raty  by  g.  Tfie  initial  velocity  of  a  body  that 
rise  against  the  farce  of  gravity  for  a  given 
fkmber  of  secojids  ia  the  same  as  the  final  velocity 
'  a  body  that  has  been  falling  for  the  siime, 
ttmher  of  seconds, 

B.)  The  spaces  travunud  and  tlie  yelotritlee  attained  during  auc- 

onds  wlU  be  th«  bbjos  iu  tlis  ascent,  only  reverBtnl  in 

&  body  bu  shot  upward  with  a  velocitj  or  ^21.6  feet,  tt 

p.  rise  for  teo  seconds,  wben  it  will  fall  for  ten  seconds.     'Ilio 

h  necond  of  its  ascent  wiJI  iTorrespond  to  llic  Srst  of  its  descjtnt, 

I.,  the  space  traversed  during  tliette  two  seconds  will  be  tlie  same ; 

the  eighth  second  of  the  asutMit  will  correspund  to  the  third  of  its 

descent ;   the  end  of  the  oighih  second  of  its  ascent  will  correspond 

to  the  end  of  the  second  seiund  of  its  descent. 

133.  Prc^tectUes. — EvtTj  projectile  is  acted  upon  by 
three  forces ; 
(1.)  The  impalsive  force,  whatever  it  may  bi 
(3.)  The  force  of  gravity. 
(3.)  The  resistunco  of  the  air. 

4.  Raiiiloni  or  Raiige.— TVtc  horizontal  dia- 

frnm   the   starting-point  of    a    projpclile 

}  it  stri'A'-es   Hie  ground   is   called   its  random 

>ange.    In   Fig.  30,  the  line  OE  represents  thp  ran- 

)f  a  projectile  stjirtiiig   from   F,  and  striking  the 

1  lit  E. 

,  Piitli  of  a  Proji'ctile.— The  ]iath  of  a  pro- 

i  a  cur\e.,  the  resultant  of  the  three  forces  above 

ttioned.     Suppose  a  ball  to  be  tlirown   hurizontally. 

e  force  will  give  a  iiniform  voiocit^.s 


'is-       1 
to 


66 


FALLING   JIODJES. 


be  repreeented  bj  a  horizontal  line  divided  into  eqnal 
parte,  each  part  representing  a  space  equal  to  the  velocit;. 
^The  force  of  gravity  may  be 
'  represented  by  a  vertical  line 
divided  into  unequal  parts, 
representing  fciie  spaces  1, 3, 5,  7, 
etc.,  over  which  gravity  voald 
move  it  in  succesaive  seconds. 
Constructing  the  parallelograms 
of  forces,  we  find  that  at  the 
*^"  end  of  the  first  second  the  ball 
will  be  at  A,  at  the  end  of  the 
next  second  at  B,  at  the  end  of 
the  third  at  C,  at  the  end  of  the 
°  fourth  at  D,  etc.  The  resnlt- 
ant  of  these  two  forces  is  a  curve 
called  a  parabola.  It  will  be  seen  tliat,  in  a  case  like  this, 
the  range  GE  may  be  found  by  multiplying  the  velocity 
by  the  number  of  seconds  it  will  take  the  body  to  fell 
from  F  to  G.  The  resistance  of  the  air  modifies  the 
nature  of  the  curve  somewhat. 

136.  Time  of  a   Projectile.— From  the  second 

law  of  motion,  it  follows  that  the  ball  shot  horizontally 
will  reach  the  level  ground  in  tlje  same  time  as  if  it  had 
been  dropped ;  that  the  ball  sliot  obliquely  upward  from  a 
horizontal  plain  wUl  reach  the  ground  in  twice  the  time 
required  to  fall  fW)m  the  highest  point  reached.  Tb€W 
statements  may  bo  easily  verified  by  oxjKiriment, 


Fio.  30- 


SoluH"ii :  '  =  iff  (3'  -  1!- 

530.64=  16.08  >  (St  -  1). 

34  =  St. 

17  =  t.  An':   17Ui  » 


r  woe  proji-ct^ii  s 
j  how  liigli  dill  it  rise) 


irtically  upwuril  with  a  vtlot'ity  = 


8  =  14473. 


■.  144.72  (t.  1 


vEowf&r  will  H  body  fail  daring  the  third  Bcuond  oE  its  falll 

abodyfallinlOaecondH!  Ann,   1008(1. 

L  How  far  in  Sseond?  Am.  4.02  ft. 

7.  How  far  will  a  bod/  fall  during  tho  firatrmo  ami  a  half  seconds 
of  its  fall ) 

8.  Hnw  far  in  13^  Becouds  \ 

9.  A  body  passed  over  78T.03  feet  during  its  fall ;  what  wuh  tUu 
lime  requirpii !  Aim,  7  aec 

10.  Wluit  VHlocity  (lid  it  finally  obtain  i 

11.  A  iHidy  fell  during  ISi  seconds ;  give  its  final  relocily. 

13.  In  an  Attwoud's  machine  tlie  weights  CBrrind  liy  the  thread 
ftre  6i  ounces  each.  Tlie  friction  is  equivalent  to  a  weiglit  of  twc 
«ilDC€s.  When  the"  rider,"  whith  weighs  one  ounce,  is  in  position, 
""^Ithat  will  be  its  gain  in  veloeity  per  secood  1  An».  B.01  ft. 

B  is  thrown  horiziiclnlly  (nim   tlie  top   of  a   lower 

B  ft.  high  witli  a  velocity  of  (10  ft,  a  second.     Where  will  it 

Ana.  341)  ft,  liom  \.\^  wi 
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14  A  body  falls  freely  for  6  seconds.  Wliat  is  the  space  trav 
ersed  during  the  last  2  seconds  of  its  fall  ? 

15.  A  body  is  thrown  directly  upward  with  a  velocity  of  80.4  ft 
(o)  What  will  be  its  velocity  at  the  end  of  3  seconds,  and  (5)  in  what 
direction  will  it  be  moving  ? 

16.  In  Fig.  30,  what  is  represented  by  the  following  lines :  Fl  I 
Fa?  Aa?  Fc?  Dd? 

17.  A  body  falls  357.38  ft.  in  4  seconds.  What  was  its  initial 
velocity  ?  Ana.  35  ft. 

18.  A  ball  thrown  downward  with  a  velocity  of  35  ft.  per  second 
reaches  the  earth  in  12^  seconds,  {a)  How  far  has  it  moved,  and 
(6)  what  is  its  final  velocity  ? 

19.  (a)  How  long  will  a  ball  projected  upward  with  a  velocity  of 
3,316  ft.  continue  to  rise  ?  (&)  What  will  be  its  velocity  at  the 
end  of  the  fourth  second  ?    (c)    At  the  end  of  the  seventh  ? 

20.  A  ball  is  shot  from  a  gun  with  a  horizontal  velocity  of  1,000 
feet,  at  such  an  angle  that  the  highest  point  in  its  flight  =  257.28 
feet.     What  is  its  random?  -47i«.  8000  ft. 

21.  A  body  was  projected  vertically  downward  with  a  velocity  of 
10  feet ;  it  was  o  seconds  falling.  Required  the  entire  space  passed 
over.  Ans.  452  ft. 

22.  Required  the  final  velocity  of  the  same  body.    Ana,  170.8  ft. 

23.  A  body  was  5  seconds  rolling  down  an  inclined  plane  and 
passed  over  7  feet  during  the  first  second,  (a)  Give  the  entire 
space  passed  over,  and  (&)  the  final  velocity. 

24.  A  body  rolling  down  an  inclined  plane  has  at  the  end  of  the 
first  second  a  velocity  of  20  feet ;  {a)  what  space  would  it  pass 
over  in  10  seconds?  (6)  If  the  height  of  the  plane  was  800  ft., 
what  was  its  length  ?  Last  Ana.  1286.4  ft. 

25.  A  body  was  projected  vertically  upward  and  rose  1302.48  feet; 
give  (a)  the  time  required  for  its  ascent,  (6)  also  the  initial  veXocity. 

26.  A  body  projected  vertically  downward  has  at  the  end  of  the 
seventh  second  a  velocity  of  235.12  feet ;  how  many  feet  will  it  have 
passed  over  during  the  first  4  seconds  ?  Ana.  297.28  ft. 

27.  A  body  falls  from  a  certain  height ;  3  seconds  after  it  has 
started,  another  body  falls  from  the  heiglit  of  787.92  feet ;  from 
what  height  must  the  first  fall  if  both  are  to  reach  the  gioand  at 
the  same  instant  ?  Ana,  1608  ft 

Recapitulation.— To  be  amplified  by  the  piapU  for 

review. 


TiiF  pKxnrr.i 


APPAKATrS 


■j     A  tt  wood's 

I    LAWS \    iNdltEMBNT     OF     VkLOOITT     ■ 

Fall. 

EXI-KKMED  IN \'^l 

I  EFFECT  OF  INITIAL   VELOCITY. 


H^^ 


Eblationh  to { "  ■is'?,?'" 

jProjecliles JS?""' 


^ECT 


iON   IV. 


THE    RENDU  LUM. 


17.  The  Simple  Pendiiliun.— A  simple  pen- 
dulnm  is  conceived  as  a  single  nuiterUil  particle  sup- 
ported hy  a  line  without:  weight,  capable  of  oscillat- 
ing (ibmtt  a  fixed  point.  Sucli  a  pendnlum  lias  a 
theoretical  but  not  an  actual  existence,  and  liaa  been  con- 
ceived for  the  pnrpose  of  arriving  at  the  laws  of  the  coni- 

.d  pendulum. 

138.  The  Compoimd  Pendnlnm. — A  com- 
"potmd  or  physical  iHindulura  ia  a  iveiglit  so  suspended 
em  to  he  capable  of  osciUating  about  a  fixed  point. 
The  comjHjnnd  pendulam  appears  in  many  forma.  The 
most  common  form  consists  of  a  steel  rod,  thin  and  flexible 
at  the  top,  currying  at  the  bottom  a  heavy  mass  of  mpt:il 
known  as  the  hnb.  Tlie  bob  ia  sometimea  spherieal  bnt 
tcrolly  lenticular,  as  this  form  \s  less  sahject  to  resistance 
the  lur. 
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Fig.  31. 


139.  Motion   of  the   Pendulum.— When   the 

supporting  thread  or  bar  is  vertical,  the  centre  of  gravity 

is  in  the  lowest  possible  position, 
and  the  pendulum  remains  at 
rest,  for  the  force  of  gravity  tends 
to  draw  it  downward  producing 
pressure  at  the  point  of  support, 
but  no  motion.  But  when  the 
pendulum  is  drawn  from,  its  ver- 
tical position,  the  force  of  grav- 
ity, MG,  is  resolved  (§  91)  into 
two  components,  one  of  which, 
MC,  produces  pressure  at  the 
point  of  support,  while  the  other, 
MH,  acts  at  right  angles  to  it, 
producing  motion.  Gravity  there- 
fore draws  it  to  a  vertical  position,  when  inertia  carries  it 
beyond  until  it  is  stoj^ped  and  drawn  back  again  by  grav- 
ity.    It  thus  swings  to  and  fro  in  an  arc,  MNO- 

140.  Definitions. — The  motion  from  one  extremity 

of  this  arc  to  the  other  is  called  a  vibration  or  oscillation. 
The  time  occupied  in  moving  over  this  arc  is  called  the 
time  of  vibiation  or  oscillation.  The  angle  measured  by 
this  arc  is  called  the  amplitude  of  vibration.  The  trip 
from  M  to  0  is  a  vibration;  the  angle  MAO  is  the 
amplitude  of  vibration. 

141.  Centre  of  Oscillation.— A  short  pendulum 
vibrates  more  rapidly  than  a  long  pendulum  ;  this  is  a 
familiar  fact.  It  is  evident,  then,  that  in  every  pendulum 
(not  simple)  the  parts  nearest  the  centre  of  suspension  tend 
^  move  faster  than  those  further  away,  and  force  them  to 


(novo  more  rapidly  than  they  otherwise  would.  On  the 
other  hand,  the  porta  furthest  from  the  centre  of  snapen- 
sion  tend  to  move  mori;  Blowly  than  those  nearer,  and  force 
these  Ui  retard  their  itidividuul  nitea  of  motion.  Betweeu 
these  there  will  be  u  particle  moving,  of  its  own  accord, 
at  the  average  rate  of  all.  The  accelemting  tendency  of 
the  particles  above  it  is  compensatt'd  by  the  retarding  ten- 
dency of  the  particles  below  it.  This  molecuSs,  there- 
fore, will  move,  as  if  it  were  mhrnting  al^one,  sup- 
ported by  a  thrertfl  vnthout  weight.  It  fiilfllls  all  the 
conditions  of  a  simple  pendulum.  This  point  ia  called  the 
centre  of  oscillation. 

143.  The  Real  Len^h  of  a  Pendiilmn.— The 

laws  of  the  aimplo  pendulum  are  applicable  to  the  com- 
pound pendulum  if  we  consider  the  length  of  the  latter  to 
be  the  length  of  the  equivalent  simple  pendulum,  i'.  e.,  the 
distance  between  the  cen-tres  of  s7i^tpension  and 
osoUl-ai^on.  We,  therefore,  may  say  that  the  real  length 
of  a  imndnlura  is  the  distance  between  the  centre  of  sus- 
peosion  and  the  centre  of  oscillation.  The  real  length  is 
less  than  the  apparent  length  except  in  the  imaginary  ease 
f  the  simple  pendulum, 

i  143.  First  Law  of  the  Pendulum.— 2%e  iit- 

tons  of  a  given  pendulum,  at  any  given  place, 

isochronous,  i.  e.,  are  performed  in   equal  times, 

lether  the  arc  be  long  or  short.    Each  pupil   should 

isfy  himself  of  the  truth  of  this  jiroposition,  by  the  only 

a  8ciQOti6c  method,  experiment. 

144.  The    CycToirtal    Pendulum.— Wie  law 

0fl!prt  is  strlcUu  true  only  u'lteii.   tlte  peTuliv 
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iMtn  vibrates  ith  a  cycloidal  arc.  A  cycloid  is  the 
curve  traced  by  a  point 
in   the    circnmfereDce 

of  a  circle  that  is  rolliag 
aluitg  a  straight  line. 
}  The  pendulum  maybe 
made  to  move  in  snob 
an  arc  by  suspending 
a  small  heavy  ball  by 
a  thread  between  two 
cheeks  upon  which  the 

thread  winds  as  the  pendulum  vibrates.     The  checks  must 

be  the  two  halves  of  a  cycloid;  each  cheek  mast  have  the 

name  length  as  the  thread.     The  path  of  the  ball  will  be 

a  cycloid,  identical  with  that  to  which  the  cheeks  belong. 
(a.)  The  cycloidal  pendulum  is  of  little  practical  nse.    If  tli« 

UBpIitade  of  an  ordioaiy  pendulum  does  not  exceed  five  degreee, 

the  circular  arc,  thus  deacrilied.  will  not  vary  much  from  the  tnte 

Cfcloidal  arc,  and  the  pendulum  will  be  prscti 

c&llj  iBochronous.     If  from  the   centre  of  sns- 

pen^on,  with  radius  equal  to  the  length  of  the 

String,   a  circular  arc    be   described,   the    two 

curves  will  sensibly  coincide  for  at  least  five 

degrees.    This  is  why  the  pendulums  of  "reg- 

nlaior  "  clocks  have  a  small  swing  or  amplitude. 

145.  Second  Law  of  the  Pen- 
dulum.— The  time  of  vibration  is 
independent  of  the  weight  or  nvnte- 
rlaZ  of  the  pendulum,  depending  only 
upon  the  length  of  the  pendulum,  and 
the  intensity  of  the  force  of  gravity  at 
any  given  place. 

{a. )  Each  pupil  should  try  the  experiment, 
a^Aome,  n-itb  balls  of  equal  slze>  but  different 


wdgTit,    The  inveatraeat  of  a  little  tlma  and  Ingenuity  in  simple 
esperimenta  will  pay  large  OlviiieDcta. 

146.  Tliiril  Law  of  the  Peiidnlum.— Tbe  vrtmi- 
tioD3  of  ppndiiiiiius  (if  different  lengths  are  performed  in 
different  linn^s.  TIi^  lengths  nre  ilircfMy  pfopnrtional 
to  the  aquarea  of  the  times  of  vibrati'm,  or  in- 
versely proportional  to  the  squares  of  the  nurnhers 
of  vUfj-ations  in  a  giveih  time. 

Note.—Be  eare/ul  to  diatinguish  clearly  between  the  expressions 
"  timcH  of  vibraljon"  and  "  nmnbera  ot  viliratioD."  The  greater 
the  tiinif,  the  less  the  n.«m&fr.  Ton  may  easUy 
verify  by  cKperimont  tbe  three  iawB  already 
given  for  the  pendulum. 

147.  The  Second's  Pendulmn. 

At  the  equator,  tlte  length  of  a  second's 
pendulum,  at  the  level  of  the  sea,  is 
39  inches ;  near  tte  poles,  39.2 ;  in  this 
latitude  about  39.1  inches  or  993.3 
mm/.  Aa  such  a  pendulum  would  be 
inconveniently  long,  use  is  generally  made 
vf  one  one-fourth  aa  long,  which,  con- 
sequently, vibrates  half  seconds.  The 
length  and  time  of  vibration  of  this 
pendulum  being  thus  known,  the 
length  of  any  other  pendulnm  may  be 
found  when  the  time  of  vibration  is 
given ;  or  the  time  of  vibration  may  be 
found  when  the  length  is  given.  The 
third  law  is  applicable  to  such  a  problem. 

148.  Use  of  the  Pendiilitm  in 
Time-pieces.— The  motion  of  a  clock  is  due  to  the 
fcrce.  of  gnintj  acting  vpon  the  weigbta,  or  to  tVe  A'as'Cv^ 
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ity  of  the  spring.  But  the  weights  have  a  tendency  toward 
accelerated  motion  (falling  bodies),  while  the  spring  would 
give  an  example  of  diminishing  motion.  £ither  defect 
would  be  fatal  in  a  time-piece.  Hence  the  properties  of 
the  pendulum  set  forth  in  the  first  and  third  laws  are 
used  to  regulate  this  motion  and  make  it  availablo  for  the 
desired  end.  If  the  clock  gains  time,  the  pendulum  is 
lengthened  by  lowering  the  bob;  if  it  loses  tim^  the  pen- 
dulnm  is  shortened  by  raising  the  bob. 


149.  Compensation  Pendulums. — The  expan- 

>n  of  metals  by  heat  is  a  familiar  fact.     Hence  the  ten- 

Idency  of  a  clock  to  lose  time  in  summer  and 
to  gain  tune  in  winter.  One  plan  for  coun- 
teracting this  tendency  is  by  the  use  of  ths 
"  gridiron  "  pendulum  which  is  made  of  twj 
substances  in  such  a  manner  that  the  down- 
ward expansion  of  one  will  be  exactly  conk 
pensated  by  the  upward  expansion  of  the 
other.  In  the  figure,  the  heavy  single  line* 
represent  steel  rods,  the  effect  of  whose  ex- 
pansion will  he  to  lower  the  bob.  The  light 
double  linos  represent  brass  rods,  the  effect  of 
whose  expansion  will  be  to  raise  the  bob.  The 
steel  rod  to  which  the  bob  is  directly  attached 
passes  easily  through  holes  in  the  two  hori- 
zontal bars  which  carry  the  brass  npri^ta. 
As  brass  expands  more  than  steel,  for  a  given  increase  ot 
temperature,  it  will  be  seen  that  these  two  expansions  maj 
be  mude  to  neutralize  one  another. 


Fig.  35- 
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S!l,  How  will  the  times  of  Tibration  of  two  pendolnmB  compare 
their  lengths  being  4  feet  and  40  feet  respectively  ?    Ant.  As  3  to  7. 

23.  Of  two  pendolumB,  one  makes  TO  vibrationa  a  minute,  tha 
other  80  vibrations  during  tlie  same  time  ;  how  io  their  lengths 
compare?  .-]»«.  Ah  40  lo  64. 

S8.  If  one  pendulum  is  4  times  as  long  as  imother,  whitt  will  be 
their  relative  times  of  vibration  ? 

24.  The  length  of  n  aecond'a  pendulum  being  30.1  inches,  whnt 
must  be  the  length  of  a  pendulum  to  vibrate  In  \  second  T 

3S.  How  long  must  a  pendulum  be  to  vibrate  once  InSsecondst 
In  \  second  ? 

26.  How  long  must  a  pendulum  he  to  vibrate  once  In  3|  eerondH ! 

27.  Fmd  the  length  of  a  pendulum  that  will  vibrate  5  times  In  A 
seconds?  AnK.  25  03  +  inches. 

28.  Apendulnm  15  feet  long  makes  400  vibrations  during  a  certain 
time  ;  how  many  vibrations  will  it  make  in  the  same  time  after  the 
pendulum  rod  has  expanded  half  an  inch ! 


Recapitulation. — In  tbis  scrtion  we  hai 
the  Simple  Pendulum  ;  tbe  Compound  Pen- 
dulum ;  the  r.ature  of  the  Motion  of  (lie  Pendu- 
i  its  Cause  ;  the  meaning  of  the  terms  Vi- 
ation,  Time  of  Vibration,  Amplitude  of 
u;  Ceiiire  of  Oscillation;  Rea\  Y-e-atj'Ctv 
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oi  a  Pendulum ;  Laws  and  Formulas  for  the  Pen- 
dulum ;  the  Cycloidal  Pendulum ;  the  Second's 
Pendulum  ;  the  Use  of  the  Pendulum  in  Clock- 
work; Compensation  Pendulums. 


^Section  v. 

ENERGY. 

150.  Work, — In  physical  science,  the  word  work 
stgfiifies  the  overcoming  of  resistance  of  any  kind. 
Whether  this  overcoming  of  resistance  is  pleasant  or  not 
does  not  enter  into  consideration  here,  all  play  being  a 
species  of  2oo?'h  The  word  is  here  used  in  this  technical 
sense.  Wlien  a  force  causes  motion  througli  space,  it  is 
said  to  do  work.  The  product  of  the  force  acting  and  the 
space  through  Avhich  the  body  is  moved  measures  the  work 
done  on  that  body.  Work  implies  a  change  of  position 
and  is  independout  of  the  time  taken  to  do  it. 

151.  Eiiergfy.  —  Energy  is  the  power  of  doing 
work.  If  one  man  can  do  more  work  than  another,  he 
has  more  energy.  If  a  horse  can  do  more  work,  in  a  given 
time,  than  a  man,  the  horse  has  more  energy  than  the  man. 
If  a  steam-engine  can  do  more  work  tlian  a  liorse,  it  has 
more  energy.  If  a  moving  cannon-ball  can  overcome  a 
greater  resistance  than  a  base-ball  it  has  more  energy. 

152.  Elements  of  Work  Measure.— Imagine  a 

flight  of  stairs,  each  step  having  a  rise  of  twelve  inches. 
On  the  floor  at  the  foot  of  the  Btam  ai^  trwo  ^^igjita,  of 


Bund  ten  poiiods  respectively.     Lift  tlio  lirst  weight  tt 

B  top  of  the  first  Btcp.     How  much  work  have  you  p6> 

formed?     Perhapa  you  will  answer,  one  pound  of  work. 

Now  place  the  second  weight  beside  the  first.  How  much 
work  (lid  you  perform  iu  bo  doing  ?  Perhaps  you  will  saj 
ten  timca  as  much  as  before,  or  ten  pounds.  Now  lifl 
each  of  them  another  at*p,  and  then  another,  uutil  they 
rest  on  the  top  of  tho  tenth  step.  To  lift  the  heavier 
weight  the  second,  third,  and  subsequent  times  involved 
each  aa  much  work  sa  to  lift  it  the  fii-at  foot,  but  you 
would  hardly  aay  that  you  had  lifted  a  hundred  pounds. 
Still  it  IS  sure  that  to  place  it  on  the  tenth  step  required 
just  ten  timea  as  much  work  as  it  did  to  place  it  on  the  first 
step,  or  just  one  hundred  times  as  much  work  aa  it  did  tu 
place  the  one  pound  weight  on  the  first  step.  Moreover 
it  is  evident  that  th»  two  cle.mcii.t8  of  u'cight  anil 
height  are  nccessarU-y  to  be  considered  ia  measuring 
the  work  actually  performed. 

153.  Units  of  Work;  the  Foot-ponnd.— It 
is  often  necessaiy  to  i'G]ire8ent  work  numerically;  hence 
the  neeeasity  for  a  unit  of  measurement.  The  unit  com- 
monly in  iiae,  for  the  present,  in  England  and  this  oounWy 
is  the  foot-pound.  A  foot-pou,iid  is  the  antounb  ofivarh 
required  to  raise  one  pound  one  foot  high  against 
the  force  of  gravity.  The  work  required  to  raise  one  kilo- 
gram one  met«r  high  against  the  same  force  ia  called  a 
fram-mefer, 

fch)  Togrt  ft  nninericil  eBtimate  of  wnck,  we  multiply  the  nnmbei' 
Is  r»iS(Hl  by  llie  number  nf  linenr  units  in  the  vertica] 

l^ht  Hirougli  wliidi  the  body  is  ralmsi.     A  weight  of  3-''  poiuwia 

d  8  feet,  or  one  i)f  3  pounds  raised  23  feet,  rn|iriaentB  75  foot- 

wdght  of  IS  Eg.  raJHad  10  m...  repreaents  IHO  kOoQTitm 
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154.  The  Erg.— The  C.  G.  S.  (or  absolute)  unit  of 
work  is  called  the  erg.  It  is  the  work  done  in  moving 
(I  free  body  one  centimeter  against  a  force  of  one 
dyne  (§  69).  The  work  of  lifting  one  gram  one  centi- 
meter against  the  force  of  gravity  is  980  ergs.  A  foot- 
pound is  about  13,560,000  ergs. 

{a.)  The  definition  of  erg  points  out  the  fact  that  voork  eqiuxU 
force  multiplied  by  distance, 

155.  Horse-Power. — The  rate  of  doing  work  is 
called  power.  A  horse-power  represents  the  ability  to 
perform  550  foot-pounds  in  a  second  or  33,000  foot- 
pounds in  a  minute.   It  equals  746  x  10'  ergs  per  second. 

(a.)  An  engine  that  can  do  66,000  foot-pounds  in  a  minute  or 
83,000  foot-pounds  in  half  a  minute  is  called  a  two  horse-power 
engine.  To  compute  the  number  of  horse-powers  represented  by  an 
engine  at  work,  multiply  the  number  of  pounds  raised  by  the  num- 
ber of  feet,  and  divide  the  product  by  550  times  the  number  of  seconds 
or  33,000  times  the  number  of  minutes  required  to  do  the  work. 

156.  Relation  of  Velocity  to  Energy. — Any 

moving  body  can  overcome  resistance  or  perform  work ; 
it  has  energy.  We  must  acciuire  the  ability  to  measure  this 
energy.  In  the  first  place,  we  may  notice  that  the  direc- 
tion of  the  motion  is  unimportant.  A  body  of  given 
weight  and  velocity  can,  at  any  instant,  do  as  much  work 
when  going  in  one  direction  as  when  going  in  another. 
This  energy  may  be  expended  in  penetrating  an  earth- 
bank,  knocking  down  a  wall  or  lifting  itself  against  the 
force  of  gravity.  Whatever  be  the  work  actually  done,  it 
is  clear  that  the  manner  of  expenditure  does  not  change 
the  {unount  of  eneri^^y  expended.  We  may,  therefore, 
ftiul  to  what  uertical  height  the  given  velocity 
would  lift  the  body,  and  thus  easily  determ4/ne  its 
e/i^erg^  In  /oot-pounds,  fciio^rarri/meters  or  ^j^n^^ 


(*=- 


3.57.  Au  Easier  Method. — If  wo  can  obtcun  the 

c  resnlt  withont  Ihe  trouble  of  fiudiug  how  high  tho 
given  velocity  could  raise  it,  it  is  generally  desirable  to  do 
BO.  Our  Tertdcal  height  is  the  whole  space  passed  over  by 
an  ascending  body  (§  133).     We  have  given  v  to  &nd  S. 

Igl  =  ,. 
'-"■ 
M 
En 
!» 
mi 


--yp. 


bbstitTiting  the  nbovo  viduo  of  t^,  we  have, 


"V 


irbj 

I 


[  Energy  =:  wS  (the  weight  into  the  height).     SubstituU 
Big  our  new  value  for  S,  we  have  the  following  important 
mula: 

Kinetic  Energy  =  y-. 


inlts  froi 


Since  the  weight  of  a  body 
force  of  gravity  (lu  =  my), 

I  Kinetic  Energ:}'  =  \m-d'. 
: 
: 


ta  maiss  and  the 


.)  If  T0  be  given  in  pounds  ;  r.  in  feet  per  Bocond  and  //  ii 
firal  ffimiiJa  will  give  the  value  of  K,  E.  in  fo.iupoiindfl. 

,)  [f  iLe  grant  be  taken  as  tlio  unit  nf  luasa  and  tbe 
second  SB  ibc  unit  of  volocltj,  tbe  second  formula  will  give  tbe 
of  K.  E.  in  erga. 

18.  Two  Types  of  Energy^ — There  are  two  types 
"energy  which  may  be  designated  as  energy  of  motion 
■and  energy  of  position.  With  the  first  of  these  we  are 
familiar.  A  falling  weight  or  ninning  stream  possesses 
energy  of  motion  ;  it  is  able  to  overcome  I'csistauce  hy 
reason  of  its  weight  and  velocity.  On  the  other  hand, 
fchp  w^ht  bqgan  to  fall,  while,  as  ^6t,"\V.  VaA.  "aa 
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motion  but  was  at  rest,  it  had  the  power  of  doing  work  by 
reason  of  its  elevated  j^o^zYio/i  with  reference  to  the  earth. 
When  the  water  of  the  running  stream  was  at  rest  in  the 
lake  among  the  hills  it  had  a  power  of  doing  work,  an 
energy,  which  was  not  possessed  by  the  waters  of  the 
pond  in  the  yalley  below.  This  energy  or  power  results 
from  its  peculiar  position.  Energy  of  motion  is  called 
kinetic  energy;  energy  of  position  is  called  potential 
energy. 

159.  Convertibility  of  Kinetic  and  Poten- 
tial Energies. — We  may  at  any  moment  convert  kinetic 
energy  into  potential,  or  potential  energy  into  kinetic 
One  is  as  real  as  the  other,  and  when  it  exists  at  all,  exists 
at  the  expense  of  a  definite  amount  of  the  othe^.'  Imagine 
a  ball  thrown  upward  with  a  velocity  of  64.32  feet.  As  it 
begins  to  rise  it  has  a  certain  amount  of  kinetic  energy. 
At  the  end  of  one  second  it  has  a  velocity  of  only  32.16  ft. 
Consequently  its  kinetic  energy  has  diminished.  But 
it  has  risen  48.24  ft.,  and  has  already  a  considerable  poten- 
tial energy.  All  of  this  potential  energy  results  from  the 
kinetic  energy  which  has  disappeared.  At  the  end  of 
another  second,  the  ball  has  no  velocity;  it  has  reached  the 
turning-point  and  is  at  rest.  Consequently,  it  has  no 
kinetic  energy.  But  the  energy  with  which  it  began  its 
flight  has  not  been  annihilated;  it  has  been  stored  up  in 
the  ball  at  a  height  of  G4.32  ft.  as  potential  energy.  If  at 
this  instant  the  ball  be  caught,  all  of  the  energy  may  be 
kept  in  store  as  potential  energy.  If  now  the  ball  be 
dropped,  it  begins  to  lose  its  potential  and  to  gain  kinetic 
energy.  When  it  reaches  the  ground  at  the  end  of  two 
seconds  it  has  no  potential  energy,  but  just  as  much  of  the 
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kinetic  type  as  was  given  to  it  when  it  began  to  rise.  This 
illustrates  in  a  simple  way  the  important  principle,  the 
transformation  or  convertibility  of  energy  witliout 
any  change  in  its  quantity. 

160.  Energy   a   Constant   Quantity. — In  the 

case  of  the  ball  thrown  upward,  at  the  start,  at  the  finish, 
or  at  any  intermediate  point  of  either  its  ascent  or  descent, 
the  sum  of  the  two  types  of  energy  is  the  same.  It  may 
be  all  kinetic,  all  potential,  or  partly  both.  In  any  case, 
the  sum  of  the  two  continually  varying  energies  is 
constant.  Just  as  a  man  may  haye  a  hundred  gold  dol- 
lars, now  in  his  hand,  now  in  his  pocket,  now  part  in  his 
hand  and  the  rest  in  his  pocket ;  changing  a  dollar  at  a 
time  from  hand  to  pocket  or  vice  versa,  the  amount  of 
money  in  his  possession  remains  constant,  yiz.,  one  hun- 
dred dollars. 

161.  Pendulum  Illustratioii. — The  pendulum 
affords  a  good  and  simple  illustration  of  kinetic  and  poten- 
tial energy,  their  equivalence 

and  convertibility.  When  the 
pendulum  hangs  at  rest  in  a 
vertical  position,  as  Pa,  it  has 
no  energy  at  all.  Considered  as 
a  mass  of  matter, separated  from 
the  earth,  it  certainly  has  po- 
tential energy ;  but  considered 
as  a  pendulum, it  has  no  energy. 
If  the  pendulum  be  drawn 
aside  to  5,  we  raise  it  through 
the  space  ah  ;  that  is,  we  do 
work,  or  spend  kinetic  energy  upon  it.    T\\(i  ^wct^^  \Ja\x^ 
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expended  is  now  stored  up  as  potential  energy,  ready  to  be 
reconverted  into  energy  of  the  kinetic  type,  whenever  we 
let  it  drop.  As  it  falls  the  distance  ha,  in  passing  from  I 
to  a,  this  reconversion  is  gradually  going  on.  When  the 
pendulum  reaches  a  its  energy  is  all  kinetic,  and  just  equal 
to  that  spent  in  raising  it  from  a  to  t.  This  kinetic  energy 
now  carries  it  on  to  c,  lifting  it  again  through  the  space  ah. 
Its  energy  is  again  all  potential  just  as  it  was  at  h.  If  we 
could  free  the  pendulum  from  the  resistances  of  the  air 
and  friction,  the  energy  originally  imparted  to  it  would 
swing  to  and  fro  between  the  extremes  of  all  potential  and 
all  kinetic;  but  at  every  instant,  or  at  every  point  of  the 
arc  traversed,  the  total  energy  would  be  an  unvarying 
quantity,  always  equal  to  the  energy  originally  exerted  in 
swinging  it  from  a  to  h, 

163%  Indestructibility  of  Energy. — From  the 
/ast  paragraph  it  will  be  seen  that,  were  it  not  for  friction 
and  the  resistance  of  the  air,  the  pendulum  would  vibrate 
forever ;  that  the  energy  would  be  indestructible.  Eneigy 
is  withdrawn  from  the  pendulum  to  overcome  these  imped- 
iments, but  the  energy  thus  withdrawn  is  not  destroyed. 
What  becomes  of  it  will  be  seen  when  we  come  to  study 
heat  and  other  forms  of  energy,  which  result  from  the 
motions  and  positions  of  the  molecules  of  matter.  The 
truth  is  that  energy  is  as  indestructible  as  matter. 
For  the  present  we  must  admit  that  a  given  amount  of 
energy  may  disappear,  and  escape  our  search,  but  it  is  only 
for  iJie  2>resent,  We  shall  soon  learn  to  recognize  the 
fugitive  even  in  disguise. 

Note.'-"Fhj^<s&  may  now  be  defined  as  the  science  of  matter  and 
energjr. 


EXER0I8E3. 
,  How  nun?  horae-powera  In  aji  engine  that  will  raise  8,350 11 

;S,  A  ball  weighing- 193.06  pounda  ie  rolled  with  a  velocity  o(  lOIJ 
B  Becond,  How  muuh  enorgj  htm  it?  .-In*.  30000  foot-pounds. 
A  projeolilB  weighing  SO  Kg.  is  thrown  obliqucij  upward  with 
ilocit^  of  16.8  m.     How  much  kinetic  energy  lias  it  ? 

A  ten-pound  weight  is  thrown  directly  apward  with  a  velocitj 

826.13  ft.    (a.)  Wliat  will  be  its  kinetic  energy  at  the  end  of  the 

aeooaA  ot  its  ascent -t    lb.)  At  the  end  of  the  fourth  second  of 

descent T 

A  body  wrighing  40  Kg.  moves  at  the  ral«  of  80  Km.  per  boor. 

kinetiu  energy. 
What  is  the  horsepower  of  an  en^ne  that  can  raise  1,^00 
;nds  2,378  feet  in  3  minutes !  Am.  30  Fl.  P. 

'.  A  cable  foot  of  water  weighs  about  62^  pounds.     What  is  tlio 
power  of  an  engine  that  can  raise  300  cabic  feet  of   water 
evDry  minute  from  a  mine  132  ft.  deep  1 

8.  A  body  weighing  100  pounds  moves  with  a  velocity  of  30  mxli's 
per  hour.    Find  its  kinetic  energy. 

A  weight  of  3  tons  ia  lifted  SO  feet,    (a.)  How  much  work  was 
by  the  agent?    (S-l  If  the  work  was  dono  ia  a  half-minute. 
,  waa  the  necessary  horse-power  of  the  agent? 
How  long  will  it  take  a  two  horse-power  engine  to  raiBo  S 
tttns  100  teet  ? 

11.  How  far  can  a  two  horse-power  engine  laiae  5  tons  in  30  sec.! 
13.  What  is  thp  horse-power  of  an  engine  that  can  do  1,850,000 
foot-pounds  of  work  in  a  minute? 

13.  What  is  the  horse-power  of  an  engine  that  can  rwse  3,378 
pounds  1,000  feet  in  3  minutes? 

14.  If   a  perfect  spiiere  rest  on  a  perfect,  horiKontal  plane  in  a 
there  will  be  no  resistance  to  a  force  tending  to  move  it. 

mnch  work  is  necessary  to  ^ve  to  such  a  sfdierp.  tinder  BDch 
a  velocity  of  20  feet  a  second,  it  the  sphere  weighs 
poonds?  Ans.  IS.'iO  foot-ponnda. 

A  railway  car  weighs  10  tons.  From  a  state  of  rest  it  is 
feet,  when  it  is  moving  at  the  rate  of  3  miles  an  hour 
^stances  from  friction,  etc.,  are  8  pounds  per  ton,  hnw 
foot-pounds  of  work  have  been  eipcoded  upon  the  carl 
find  the  work  done  in  overcoming  friction,  etc.,  through  50  ft. 
le  GO  foot^pauodE  x  10  x  g.  To  this  e/ii  the  wock  dotie  In 
tbe  ear  iinetip  eaergj.) 
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Recapitulation. — In  this  section  we  have  considered 
the  meaning  of  Work  and  Energy;  the  Ele- 
ments of  Work-measure;  the  Unit  of  Work,  as 
Foot-pound  or  Kilogram-meter ;  Horse- 
power; the  relation  between  Velocity  and  En- 
^^QY \  ^  very  convenient  Formula  for  Energy; 
two  Types  of  Energy,  Kinetic  a».d  Potential; 
the  mutual  Convertibility  of  these  two  Types  of 
Energy ;  the  Sum  of  these  two  as  a  Constant  Quan- 
tity ;  the  Pendulum  as  an  Illustration  of  this  Con- 
vertibility and  Constancy;  the  Indestructibility  of 
Energy. 

Eeview  Questions  and  ExeboiseSi 

1.  (a.)  What  is  a  molecule?  (&.)  An  atom?  {c.)  Name  the  attiae 
tions  pertaining  to  each. 

2.  (a.)  Give  an  original  illustration  of  a  physical  change.  ((.)  Of 
a  chemical  change. 

3.  {a.)  What  is  the  difference  between  general  and  characteristic 
properties  of  matter?  (&.)  Give  an  illustration  of  impenetrability, 
not  mentioned  in  the  book. 

4.  [a.)  Upon  what  property  do  most  of  the  characteristic  proper- 
ties of  matter  depend?  (b,)  Name  five  general  and  three  charac- 
teristic properties  of  matter,    (c.)  Define  inertia. 

5.  (a.)  How  does  a  solid  differ  from  a  liquid  ?  (6.)  From  a  gas? 
(c.)  How  does  a  gas  differ  from  a  vapor  ?    {d)  What  is  a  fluid  ? 

6.  {a.)  Define  dynamics.  (&.)  What  is  the  difference  between 
statics  and  kinetics  ?  (c.)  What  is  the  gravity  unit  of  force  ?  {d.) 
The  kinetic  unit  ? 

7.  {a.)  Give  Newton's  Laws  of  Motion.  (6.)  Explain  the  meaning 
of  "parallelogram  of  forces."  (c.)  What  is  an  equilibrant  ?  {d,) 
Give  the  law  of  reflected  motion. 

8.  (a)  What  is  the  difference  between  gravity  and  gravitation? 
(6.)  Give  the  law  of  gravitation,  (c.)  Of  weight,  {d.)  What  is 
meant  by  centre  of  gravity  ? 

9.  (a.)  Describe  the  several  kinds  of  equilibrium.  (&.)  Upon 
what  does  the  stability  of  a  body  depend?    (c.)  Show  how,    (d.\ 

What  is  the  line  of  direction  ? 


long 
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I.  (o.)  Whjr  Is  It  that  a  lend  boll  and  a  n'ooden  ball  will  tall  100 

ne  lime?    (6.)  How  did  Oaiilfo  study  tlip  laws  «f 
ingbodiest    (e.)  Wlio  was  Gitlileo  and  when  did  lio  UvoT    (d.) 
Define  incretnt'iit  of  velocity. 

11.  [a.)  Give  the  luws  of  freely  falling  bodies.  (6.)  Espri'sa  the 
same  truths  algebraically,  (f.)  What  forces  att  upon  a  projectile  ? 
\d.)  Define  random. 

13.  (a.)   What  is  a  aimple  pendulum!      (A.)   A  compoond  pen- 
diiluinl    (e.)  What  is  the  real  length  of  a  pendulum?     (if.)   How 
long  must  a  penduluui  be  to  vibrate  once   a  minute  ¥    (e)  Once  a 
mdT    {/.)  What  ia  the  moat  ijiiportant  property  of  a  pendulum  7 

13.  Two  forces  of  0  and  8  pounds  res]ie«ively  act  at  right  arglee 
other.    Find  the  direction  and  intensity  of  their  equiilbcant. 

14.  (a.)  Define  energy,  (i.)  Footpound.  (&)  Horse-power,  (rf.) 
Give  the  rule  for  calculating  horse-power, 

15.  (n.)  What  is  a  kilognun-meter  ?  (6.)  Uive  the  formula  for 
the  oikulallon  of  kinetic  energy  from  weight  and  velocity,  (e.) 
^ednce  the  same. 

16.  (a.)  State  fully  and  clearly  the  difEerence  between  kinetic  and 
intial  energy.     (6.)  illustrate  the  same  liy  the  pendulum. 

17.  (a.)  What  is  the  object  of  esperiuienta  in  the  study  of  phy- 
Scs?  (ft.)  Whatiathe  metric  unit  of  weight!  (c.)  How  is  it  ol)- 
taioed? 

18.  Three  inelastic  balls  weighing.'),?  and  8  ponnda,  lie  !n  the 
same  straight  line.  The  first  strikes  the  second  with  a  velocity  ol 
60  feet  per  second  %  the  first  and  second  together  strike  the  third. 
What  will  be  the  velocity  of  tlie  lliird?  Ana.  15  ft. 

10.  To  how  many  P.  P.  S.  units  of  force  ia  the  weight  of  0  lb 
l1? 

I.  To  how  many  C.  G.  6.  units  of  force  is  the  weight  of  9  Kg. 
UlT 

.  How  many  ergs  will  represent  the  kinetic  energy  of  a  ball 
Ighing  50  grums  and  moving  at  tiiu  rate  of  GO  tvi.  a  second  t 

Am.  DO.OOO. 
I.  Determine  the  amount  of  work  performed  in  diecliarging  a 
a  bullet  with  a  velocity  of  4UU  in.  per  second. 

Am.  3i  *■  10"  ergs, 
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SIMPLE    MACH  INES. 
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PRINCIPLES    OF    MACHINERY.— THE    LEVER. 

163.  What  is  a  Machine?— .4  machine  is  a 

contrivance  by  means  of  which  the  force  ciin  he 
applied  to  the  resistance  more  advantageously.  Its 
general  office  is  to  effect  a  transformation  in  the  inten- 
sities of  energies,  so  that  an  energy  of  small  intensity, 
acting  through  a  considerable  distance,  may  be  made  to 
reappear  as  an  energy  of  considerable  intensity,  acting 
through  a  small  distance,  or  vice  versa, 

164.  A   Machine  cannot  Create   Energy.— 

No  machine  can  create  or  increase  energy.  In  fact,  the 
use  of  a  machine  is  accompanied  by  a  waste  of  power 
which  is  needed  to  overcome  the  resistances  of  friction,  the 
air,  etc.  A  part  of  the  energy  exerted  must  therefore  be 
used  upon  the  machine  itself,  thus  diminishing  the  amount 
that  can  be  transmitted  or  utiHzed  for  doing  the  work  in 
hand. 

165.— A  Common  Error. — A  clear  understanding 
pf  this  fact  is  very  important.    There  is  a  very  common 


vnemis   notion   that,  m   some  way  or  other,  a 

hiiie.  performs  work  of  itself — that  it  ia  a  source  of 

power.    It  were  as  reaeouable  to  imagine  that  a  Wnk  is  a 

source  of  real  money.     The  bank  can  pay  out  uo  more 

ihan  it  receives;   neither  can  a  machine.    A  man  may  go 

to  the  bank  with  a  ten-dollar  gold   piece,  and  get;  for 

it  ten  one-dollar  gold  pieces.     In  like  munncFj  ho  may  go 

to  n  machiae  with  an  ability  of  moving  ten  pounds  one 

foot  in  a  given  time,  and  get  for  it  the  ability  of  moving 

one  pouTid  ten  feet  in  the  same  time.     He  may  exchange 

whiit  be  has  for  what  lie  prefers ;  but,  in  the  case  of  the 

hank  and  of  the  machiae  alike,  the  equivalent  must  be 

paid,  and  generally  a  commission  for  the  transfer. 

^K  166.  Of  what  Use  are  Machines? — Some  of  the 

^^pauy  advantages  resulting  from  the  use  of  machines  are : 

^Bl.)  It  enables  us  to  exchange  intensity  for  a  velocity 

^K  otherwise  unattainable,  as  in  the  case  of  the  sewing 

Ji  machine  or  spinning  wheel. 

(8.)  It  enables  ns  to  exchange  velocity  for  an  intensity  of 
power  otherwise  unattainable,  as  in  the  case  of  lift^ 
ing  a  large  stone  with  a  crow-har  or  pulleys. 
K|fil.)  It  enables  ns  to  change  the  direction  of  our  forc^,  as 
^■i*         in  the  case  of  hoisting  a  tlag  on  a  f!ag-stai£    It 
™  would  be  inconvenient  to  climb  the  pole  and  then 

draw  np  the  flag. 
(4.)  It  enables  us  to  employ  other  forces  than  our  own,  as 
the  strength  of  animals,  the  forces  of  wind,  wafer, 
steam,  etc. 
Pl67.  General  Laws  of  Machines. — The  work  tc 
}  by  a  machine  is  generally  called  the  weight  or 
s  force  applied  ia  called  the  powei.    "SXit  ■«ti^ 
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of  the  power  (e.  g,y  foot-pounds)  is  always  equal  to  the 
work  of  the  load,  the  work  expended  in  the  macbiuc  itself 
being  disregarded.  The  .following  laws  are,  therefore, 
applicable  to  machines  of  every  kind : 

(1.)  What  is  gained  in  intensity  of  power  is  lost 
in  time,  velocity y  or  distance;  and  what  is 
gained  m  time,  velocity,  or  distance  is  lost  in  inten- 
sity of  power. 

(2.)  The  power  multiplied  by  the  distance  through 
which  it  moves,  equals  the  weight  multiplied 
by  the  distance  through  which  it  moves, 

(3.)  The  power  multiplied  by  its  velocity,  equals  the 
weight  multiplied  by  its  velocity. 

168.  Wliat  is  a  Lever? — J.  lever  is  an  inflex- 
ible  bar  capable  of  being  freely  moved  about  a 
fixed  point  or  lincj  called  the  fulcrum. 

In  every  lever,  three  points  are  to  be  considered,  viz.: 
the  fulcrum  and  the  points  of  application  for  the  power 
and  the  weight.  Every  lever  is  said  to  have  two  arnis. 
The  power-arm  is  the  perpendicular  distance  from  the  ful- 
crum to  the  line  in  which  the  power  acts;  the  weight-arm 
is  the  periKjndicular  distance  from  the  fulcrum  to  the  line 
in  which  the  weight  acts.  If  the  arms  are  not  in  the  same 
straight  line,  the  lever  is  called  a  bent  lever. 

169.  Classes  of  Levers. — There  are  three  classes 
p of  levers,  depending  upon  the 

relative  positions  of  the  power, 

weight,  and  fulcrum, 
w  "^ 

Fjg,  s7'  0")  I'  t^®  fulcrum  is  be- 
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r  and  weight  (!'.  K.  W.),  the  levor  i 


i 


n  Lhe  power  e 

fii'Kt  claea  (Fig.  37);  e.  y,  crowbar,  batuoev,  steelyard, 
ire,  pincers. 

.)  If  the  weight  is  be- 
'een    the   power    and    the 
fiilcmm    (P.    W.    F.),    the 
lever  is  of  the  eecond  ciase 
'.  g,,  corlc-sqaeezer, 
[t-cracker,  wheel-barrow.  ^ 

(3.)  If  the  power  ia  be-  t 

twecn  the  weigiit  and  tlie  ful- 

cruin  (W-  P.  R),  the  lover  is  %  ^ 

of  the   tbivA  olasB  (Fig.  30);  -„| 

e.  (/.,  fire-tongs,  sheep-ahearB,  ^ 

hunuui  fore-arm.  P^"^-  39- 

tl70,  Static  Laws  of  the  Lever.— It  will  be 
larly  seen  or  may  be  gcomotrically  shown  that  the  ratio 
tween  the  arms  of  the  lever  will  bo  the  eame  as  the  ratio 
between  the  velocities  of  the  power  and  the  weight,  and 
the  same  as  the  ratio  Isetweeu  the  distances  moved  by  the 
power  and  the  weight.  K  the  power-arm  be  twice  as  long 
as  the  weight-arm,  the  power  will  move  twice  as  fast  and 
twice  aa  for  as  tiie  weight  doe&  The  general  laws  of  ma- 
[nes  may  therefore  be  adapted  to  the  lever  as  follows : 

Bxpower^irm=Wx  weight-arm,  or  PxPF=WxWF. 

.-.  P  :W::  WF:  PP. 

Ml.)  In  the  cftse  of  the  k-ver,  the  power  and  weight  are 
aely  proportional  to  the  correapoudiug  arms  of  the 
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(2.)  The  power  multiplied  by  the  power-arm  equals  the 
weight  multiplied  by  the  weight-arm  ;  or, 

(3.)  A  given  power  will  support  a  weight  as  many 

times  as  great  as  itself,  as  the  power-arm  is  times  as 

long  as  the  weight-arm. 

Note, — A  static  law  expresses  the  relation  between  tlie  power  and 
weight  when  the  machine  is  in  equilibrium.  In  order  that  there  Im 
motion^  one  of  the  products  mentioned  in  the  law  above  most  be 
greater  than  the  other.  The  lever  itself  must  be  in  equilibrinm 
before  the  power  and  weight  are  applied.  It  is  to  be  noticed  that 
when  we  speak  of  the  power  multiplied  by  the  power-arm,  we  refer 
to  the  abstract  numbers  representing  the  power  and  power-arm. 
We  cannot  multiply  pounds  by  feet,  but  we  can  multiply  the  number 
of  pounds  by  the  number  of  feet. 

171.  The  Moment  of  a  Force. — ^The  moment 
of  a  force  acting  about  a  given  point,  as  the  fulcrum  of  a 
lever,  is  the  product  of  the  numbers  representing 
respectively  the  magnitude  of  the  force  and  the 
perpendicular  distance  between  the  given  point 
and  the  line  of  the  force.  In  the  case  of  the 
lever  represented  in  Pig.  37,  the  weight-arm  is  8  mm^ 
and  the  power-arm  is  30  mm.  Suppose  that  the  power  is 
4  grams,  and  let  the  weight  be  represented  by  x*  Then 
the  moment  of  the  force  acting  on  the  power-arm  will  be 
represented  by  (4  x  30  =)  120,  and  the  moment  of  the 
force  acting  on  the  weight-arm  by  8a;. 

173.  Moments  Applied  to  the  Lever. — ^We 

sometimes  have  sev- 
eral forces    acting 
_^.^3o  upon  one  or  both 
/     arms  of  a  le^er,  in 
X%  8  2v,  it    tl^e    same    or    in 

Fiq.  4a  opposite  direoti0O& 


1 

20 

a 

5       P 

l& 

A 

c 

d 

' 

f 

\ 

f 

10 


20 


Under  eneh  circumstanceg,  the  lever  will  be  in  equilibrium, 
when  the  sura  of  the  momeute  of  the  forces  tending  to 
tiiru  the  lever  in  one  direction  is  equal  to  the  aitm  of  the 
moments  of  the  forces  tending  to  turu  the  lever  in  tliu 
other  direction,  fiepreseuting  tlie  moments  of  the  several 
feices  acting  upon  the  lever  represented  in  the  figure  1)^ 
I  respeutive  letters  and  numerical  valnea, 

J+c+rf  =  ((+fl+/    I    30+30  +  40  =  30+25  +  45. 
W,  cJfd—a  =  6-{-f—b    \    30  +  40—30=  25  +  45—30. 

^173.  Bent    Levers.  — When  the  levor   is  not  a 

straight  bar,  or  when,  for  any  reason,  the  power  and 

weight   do   not  act  parrdlcl   to  ea-ch 

other,  it  becomes  necessary  to  distingniah 

between  the  real  a.nd  apparent  arms  of  tlie 

lover.    This  will  be  easily  done,  if  yoa  arc 

familiar  with  the  definition  of  the  arms    \p\ 

of  a  lever,  given  in  §  168.     In  Fig.  41,  wo 

Aave  represented  a  very  simpie  kind  of 

bent  lever,  which  is  sufficiently  exphiiiied 

by  the  engraving.     In  Fig.  43,  we  have  a 

{^presentation  of  a.  curved  rod  lever,  Wl",  at  the  ends  of 
which  two  forces, 
not  parallel,  are 
acting.  Our  def- 
inition of  the 
arms  of  tbe  lever, 
already  learned, 
removes  every  dif 
I  the  form  of  the  lever,  or  the  direction 

..1  which  the  forces  act.    The  arms  are  not  FP'  and  FW, 

bat  TV  and  F^. 


Fig.  41. 
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174.   Load    between    Two    Supports. — //  a 

btam  rent  on  two  su-p/x>rts,  and  earn/  a  load  be- 
fweert  tftem,  the  beam  may  be  cotbsUlered  a  lever 
of  the  second  class.  The  part  carried  bj  either  snpport 
may  be  fonnd  by  cotisideriug  it  as  tlie  power,  and  (b 
other  Bupport  as  the  fulcrum.     (Fig,  43.) 


Fig   43 

175.  The  Balance. — The  balance  is  essentU^ 
a  lever  of  the  first  class,  having  equal  amis.    Its 

use  ia  to  dotcrmhie  tlie  relative  weights  of  hodies.  Tit 
ootioii  depends  npon  the  equality  of  momenta  esplwned  hi 
§  171  and  §  173.  The  lever  itseli  is  nailed  the  bean. 
Prom  the  ends  of  the  beam  are  suspeuded  two  patiB,  0B6 
to  carry  the  weights  used,  the  other  to  carry  the  article  b) 
lie  weighed.  An  index  needle,  or  pointer,  is  ofl  ou  attaiduidl 
to  the  beam,  and  indicates  eqniljhriam,  by  jminting  to  ttf 
zero  of  a  grailnated  sealo,  carried  by  a  fised  euppnrt. 


(a.)  ThattheTialanoeraaybfl  accurate,  tlie  arms  mast  l)e  of  then 
.   length.     Ta  make  these  arma  esactly  eiiunl  U  far  from  an  tumft^ 


mjmai  rbn  balance  it 
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little  friction,  the  axis  of  enpport  must  be  a  vejy  tittle  above  the 
centre  of  gravit)-,  tLe  arms  must  t*  of  coaaidcraUle  length,  and  the 

light.  Btkloncefiare 
tnailp  80  delicate 
that  thej  may  bo 
tDcned  by  less  than 
a  thousandth  of  a 
grain.  The  sup- 
portJog  edge  of  the 
aiia  is  made  very 
eharp  and  bard, 
and  rests  ugioQ  two 
supports,  general- 
ly made  of  agate 
or  polished  at(i<-l, 
A  reaUy  good  Iml- 

Jdve  piece  of  appa- ' 


ITS.  False  Balances. — Ftdse  balances  (levers  of 
B  JirH  hind  udth  unequal  arms)  are  sometimes 
I  by  di'shonest  dealers,  Wheu  biiying,  they  place 
the  goods  on  the  sliorter  arm ;  when  selling,  on  the  longer. 
The  eheat  may  be  exposed  by  changing  the  gooJs  and 
■weights  to  the  opposite  sides  of  the  balance.  The  tme 
weight  may  be  found  by  weighing  the  article  first  on  one 
side  and  then  on  the  other,  and  taking  the  geometrical 
mean  of  the  two  false  weiglits ;  tliat  is,  by  finding  the 
A|^iare-root  of  the  product  of  the  two  false  weights. 

^P  i77.  Donble  Weigliiiig, — In  another  way  the  tme 
weight  of  a  body  may  be  fonnd  with  a  false  balance.  The 
article  to  be  weighed  is  placed  in  one  pan.  and  a  connter- 
weigbt,  as  of  shot  or  sand,  placed  in  the  other  pan  until 
equilibrinm  is  produced.  The  article  is  then  removed, 
and  known  weights  placed  in  the  pan  untW  ei\\i\\T\jTO«Q.'-a 
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again  produced.    The  sum  of  these  weights  will  be  the 
true  weight  of  the  given  article. 

VHS.  Coiiii>ouiid  Lever.— Sometimes  it  is  not  con- 
venient to  use  a  lever  sufficiently  loug  to  make  a  given 
power  support  a  given  weight.  A  combination  of  leverg 
called  a  compound  lever  may  then  be  used.  Hay-scales 
may  be  mentioned  as  a  familiar  illustration  of  the  com- 
pound lever.    In  this  case  we  have  the  following : 

Statical  LaiY. — The  contm- 
ued  product  of  the  power  and 
the  lengths  of  the  altema^ 
arms,  beginning  ivith  the 
power-arm,  equals  the  conUn- 
ued  product  of  the  weight 
and  the  lengths  of  the  alter- 
nate arms  beginning  vjith  the 
Fig.  45.  weight-arm. 


Exercises 

• 

rer. 

No. 

Power- 
Arm. 

Weight- 
Arm. 

i 

No. 
11 

Power- 
Arm. 

Weight- 
Arm. 

i 

1 

Lei 

LengUi. 

CI«M. 

1 

4  ft. 

2  ft. 

50  lbs. 

? 

5  ft. 

? 

50  lbs. 

261bB. 

10  ft. 

8 

3  ft. 

9  ft. 

? 

75  lbs. 

12 

? 

• 

15  oz. 

45  oz. 

IS  in. 

3 

10  ft;. 

4  ft. 

14  lbs. 

? 

13 

? 

50  cm. 

IKg. 

4  Kg. 

? 

4 

60  in. 

? 

2Ibe. 

aoibs. 

14 

165  cm. 

? 

12  oz. 

2oz. 

f 

5 

? 

18  cm. 

27  Kg. 

9  Kg. 

15 

3  ft. 

5  ft. 

10  lbs. 

? 

f 

6 

14  ft. 

? 

45  oz. 

63  oz. 

16 

39.37  in. 

50  cm. 

? 

20  Kg. 

f 

7 

40cm.  56cm. 

21  g. 

? 

17 

? 

16  ft. 

14  lbs. 

Silbs. 

16  ft. 

8 

18  in. 

21  In. 

? 

24  oz. 

18 

? 

2  ft. 

30Ibe. 

f 

10  ft. 

9 

26  cm. 

« 

11  Dg. 

13  Dg. 

19 

? 

2  ft. 

30IbB. 

? 

10  ft. 

10 

? 

1ft. 

50  lbs. 

2500  lbs. 

20 

2  ft. 

? 

dOlbe. 

? 

10  ft. 

Note  to  the  Pupil. — If  any  of  these  problems  be  obscure  to  you, 
remember  that  it  will  pay  to  draw  an  accurate  figure  or  diag^ram  of 
the  machine  representing  the  several  powers  and  weights  in  positkai 
SeeFig.  4a 
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21.  If  a  power  of  50  pounds  acting  npon  any  kind  of  machine^ 
Enove  15  feet,  {a)  how  far  can  it  move  a  weight  of  2^  poonds  I 
(b.)  How  great  a  load  can  it  move  75  feet  ? 

22.  If  a  power  of  100  pounds  acting  upon  a  machine,  moves  with 
a  velocity  of  10  feet  per  second,  (//)  to  how  great  a  load  can  it 
give  a  velocity  125  feet  per  second  t    (6.)  With  what  velocity  can  it 

move  a  load  of  200  pounds  Y 

23.  A  lever  is  10  feet  long ;  F  in  the  middle ;   a  power  of  50 

pounds  is  applied  at  one  end  ;  (a)  how  great  a  load  at  the  other  end 

can  it  support?    (6.)  How  great  a  load  can  it  lift  t 

Ans,  to  (p.) :  Anything  less  than  50  lbs. 

24.  The  power-arm  of  a  lever  is  10  feet ;  the  weight-arm  is  5  feet. 
(a.)  How  long  will  the  lever  be  if  it  is  of  the  first  class  f  {p.)  If  it 
isof  thesecond?    (c.)  If  it  is  of  the  third  class? 

25.  A  bar  12  feet  long  is  to  be  used  as  a  lever,  keeping  the  weight 
3  feet  from  the  f  ulcnun.  {a,)  What  class  or  classes  of  levers  may 
it  represent  ?  (&.)  What  weight  can  a  power  of  10  pounds  support 
ia  each  case? 

26.  Length  of  lever  =  10  feet.  Four  feet  from  the  fulcrum  and  at 
the  end  of  that  arm  is  a  weight  of  40  pounds  ;  two  feet  from  ihe 
falcrumon  the  same  side,  is  a  weight  of  1,000  ix)unds.  What  force 
at  the  other  end  will  counterbalance  both  weights?  Arts.  300  lb. 

27.  At  the  opposite  ends  of  a  lever  20  feet  long,  two  forces  are 

*^g  whose  sum  =  1,200  pounds.     The  lengths  of  the  lever  amis 

^  as  2  to  3 ;  what  are  the  two  forces  when  the  lever  is  in  equi- 
librium? 

2y-  Length  of  lever  =  8  feet,  F  in  the  centre.      A  force  of  10 

poinds  acts  at  one  end,  one  foot  from  it  another  of  100  i)ounds. 

1^ feet  from  the  other  end  is  a  force  of  100  pounds.     Dirtntion 

^'  ^1  forces,  downward.     Where  must  a  downward  force  of  80 

I      poinds  be  apolied  to  balance  the  lever  ?  ^  wv».  8  ft.  from  F. 

29.  Length  of  lever  ah  =  6}  feet ;    fulcrum  at  ^ ;  a  downward 
[.     force  of  60  pounds  acts  at  a  ;  one  of  7o  pounds  at  a  point  d  between 

fl  and  c,2|  feet  from  the  fulcrum;  required  the  amount  of  equili- 
^^^i  force  acting  at  h,  the  distance  between  b  and  c  being  }  feet. 

30.  On  a  lever  «6,  a  downward  force  of  40  pounds  acts  at  a,  10 
eetfrom  fulcrum  c;  on  same  side  and  6i  feet  from  r,  an  upward 
°^.  d,  acts,  amounting  to  50  pounds ;   distance  be  =  S  feet :    a 

pnward  force  of  96  pounds  acts  at  b.    (a.)  Where  must  a  fourth 
orce  of  28  poimds  be  applied  to  balance  the  lever,  and  (6)  what 
iifection  must  it  have  ? 

31.  A  beam  18  feet  loDg  is  suppoHed  at  both  ends ;  a.  \vd^\\ 
1  ^B  is  suspended  3  feet  from  one  end,  and  a  weight  oi  \4  cn«\. 
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8  feet  from  the  other  end.    Give  the  pressure  on  each  point  of  sup- 
port. Ana.  2288|  lb.  at  one  end. 

32.  Length  of  lever  =  3  feet ;  where  must  the  fulcrum  be  placed 
so  that  a  weight  of  200  lbs.  at  one  end  shall  be  balanced  by  40  lbs. 
at  the  other  end  V 

33.  In  one  pan  of  a  false  balance,  a  roll  of  butter  weighs  1  lb. 

9  oz. ;  in  the  other,  2  lbs.  4  oz.    Find  the  true  weight. 

34.  A  and  B  at  opposite  ends  of  a  bar  6  ft.  long  carry  a  weighv 
of  300  lbs.  suspended  between  them.  A's  strength  being  twice  as 
great  as  B*s,  where  should  the  weight  be  hung? 

35.  A  and  B  carry  a  quarter  of  beef  weighing  450  pounds  on  a 
rod  between  them.  A's  strength  is  1|  that  of  B's;  the  rod  is  8 
feet  long  ;  where  should  the  beef  be  suspended  ? 

36.  Length  of  lever  =  16  feet ;  weight  at  one  end,  100  pounds  • 
what  power  applied  at  other  end,  3|  feet  from  the  fulcrom,  is  re- 
quired to  move  the  weight? 

37.  A  power  of  50  lbs.  acts  upon  the  long  arm  of  a  lever  of  the 
first  class  ;  the  arms  of  this  lever  are  5  and  40  inches  respectively. 
The  other  end  acts  upon  the  long  arm  of  a  lever  of  the  second 
class ;  the  arms  of  this  lever  are  6  and  33  inches  respectively,  (a.) 
Figure  the  machine,  (h.)  Find  the  weight  that  may  be  thus  sup- 
ported,   (c.)  What  power  will  support  a  weight  of  4,400  kilograms? 

Recapitulation. — To  be  amplified  by  the  pupil  for 

review. 

DEFINITION. 

RELATION  TO  ENERGY. 

USE. 

GENERAL  LAWS. 


C/3 


< 


THE  LEVER. 


BENT. 
COMPOUND. 

MOMENTS  OF  FORCES. 


DEFINITION. 

ARMS. 

STATIC  LAWS. 

(True. 

'•  ^^^^^""1  False,  i     ^-^ 

\  IVeighing. 

2.  Load  between  two  supports. 
I  3- 


CLASSES. 


Ir- 


j^Section  n. 

THE  WHEEL   AND   AXLE    AND   WHEEL-WORK. 

"179.  The  Wheel  and  Axle.— The  wliee!  and 
dxle  cousists  uf  n  ivheef.  ludtud  to  n.  cj/Iiii/ipr  in 
such  a  tray  that  they  may  revolve  togetlier  about 
a  common  a.vis.  It  is  a,  modified  lever  of  the  fiist 
or  second  oiass. 

ISO.  Advantages  of  the  Wlieel  and  Axle. — 

ordinary  range  of  action  of  a  lever  of  tlie  first  clasf 
Tery  small.  In  order  to  raise  the 
load  higher  tliim  the  vertical  distance 
through  which  the  weight  end  of  the 
lever  passes,  it  la  necessary  to  support 
the  load  and  re-adjust  the  fulcrum. 
This  occasions  an  intermittent  action  ' 
and  loss  of  time,  difficulties  which  arc 
obviated  hy  using  the  wiieel  and  axle. 

1 181.  A  Modified  Lever. — Conatdored  aa  a  lever 
of  the  first  class,  the  fulcrum  is  at 
the  common  axis,  while  the  arms  of 
the  lever  are  the  radii  of  tlie  wheel 
and  of  the  axle.  If  a  c,  the  radius 
of  the  wheel,  be  used  as  the  power- 
arm,  velocity  or  time  is  exchanged 
for  intensity  of  power.  This  is  the 
usual  arrangement.  If  fc,  the  radius 
of  the  axle,  be  used  as  the  power- 
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arm,  there  will  be  an  exchange  of  intensity  of  power  foi 
velocity  or  time.  In  treating  of  the  wheel  and  axle,  unless 
otherwise  specified,  reference  is  made  to  the  former  or  usual 
arrangement. 

182.  Formulas  for  Wheel  and  Axle*— The 
law  and  fonnula  for  the  lever  apply  here : 


P  :  W  ::  WF  :  PF,       or,    P  :  W  ::  r  :  S, 

the  radii  of  the  wheel  and  of  the  axle  respectively  being 
represented  by  R  and  r.  But  it  is  a  geometrical  truth 
that  in  any  two  circles,  the  ratio  of  their  radii  is  the  same 
as  the  ratio  of  their  diameters  or  circumferences.    Hence 

these  ratios  may  be  substituted  for 
the  ratio  between  the  radii  of  the 
wheel  and  axle ;  or, 


w 


P  :  W 

::   r  :  R. 

P  :  W 

::  d:  D. 

P  :  W 

11    CI   C/. 

Fig.  48. 

183.   Law  of  Wheel  and  Axle. — The  power 

multiplied  by  the  radius,  diameter  or  circu/m- 
ference  of  the  wheel  equals  the  weight  multiplied 
by  the  corresponding  dimension  of  the  axle. 

Note. — If  the  radius  of  the  axle  be  made  the  power-arm,  the  te. 
mulas  will  be  as  follows  : 


P  I  Wi:  WF  :  PF,        or,    P  i  W    x  D  :  d. 

184.  Various  Forms  of  Wheel  and  Axle.— 

The  wheel  and  axle  appears  in  various  forms.  It  is  not 
necessary  that  an  entire  wheel  be  present,  a  single  spoke 
or  radius  being  sufficient  for  the  application  of  the  power, 


Fir.,  49. 
itithcr  rope  ia  wound 
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a  tha  ease  of  the  windlass  (Fig.  48)  or  w 
all  such  cases,  the  radius  boiug 
J  the  dianntter  or  circuniforeiici; 
uf  the  wheel  may  bo  eaeily  computed. 
la  one  of  the  most  common  forms, 
the  power  ia  applied  by  means  of  a 
rope  woniid  arouud  the  circumference 
of  the  wheel.      When   this  rope   is 
unwound  hy  the  action  of  tlie  power,  a 
up  by  tlie  axle,  and  the  weight  thus  raised. 
^vJ.85.    Wheel-work. — Another  method  of  securing 
^^b  ^j^r^^  a  great  difference   in  the  in- 

^^P  pj'™''''^^*'iC^^r=5s.  tensities  of  balancing  forcee, 
:i»^,.'iT~tr^*se05^la  ^i  jg  ^Q  ygg  ^  combination  of 
wheels  and  axles  of  moder- 
ate size.  Such  a  combination 
constitutes  a  train.  The  wheel 
that  imparts  the  motion  ia 
I  called  the  <lri.ver  ;  that  which 
receives  it,  the  follower.  An 
axle   with   teeth    upon    it  ia 

k  called  a  pinion.    The  teeth  or 

i  of  a  pinion  are  called  leaves. 
S6.   Law  of  Wheel-work. — A  train  of  wheel- 
work  is  clearly  analogous  to  acompound  lever";  the  statical 
given  in  §  178,  maybe  adapted  to  our  present  pur- 
follows:     The  continued  product  of  the  pou-er 
the  radii  of  th<e  jvheels  eqjiol-s  the  continued 

)fihe  weight  and  the  radii  of  the  axles. 
■7.    Another     Law    of    Wheel -work. — By 
lination  of  Fig.  50,  it  will  be  seien  that  "wVAe  \?i\6  « 
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d  revolves  once,  the  wheel  and  pinion  c  will  rerolre  u 
many  times  aa  the  unmber  of  leaves  Irorne  by  c  \b  con- 
tained times  in  tlio  number  of  teeth  borne  liy  /.  In  like 
manner,  while  the  whoul  c  revolves  once,  the  wheel  and 
pinion  b  will  revolve  ua  many  times  as  the  uumhc-r  of  leaves 
borne  by  b  is  contained  times  in  the  number  of  teetb 
borne  by  c.  By  combination  of  these  results,  we  sec  that 
while  d  revolves  once,  b  will  have  as  many  revolutiotis  as 
the  product  of  the  number  of  leaves  is  contained  times  in 
the  product  of  the  number  of  teeth.  From  this  it  follows 
that  ihe  ratio  between  the  continued  product  of  the  cir- 
cumference (diameter  or  radius)  of  (/  into  the  number  of 
leaves  on  the  several  pinions  and  the  continued  product  of 
the  corresponding  dimension  of  h  into  the  number  of  t«eth 
on  the  several  wheels  will  be  the  ratio  between  the  dis- 
tances or  velocities  of  W  and  P,  and  therefore  the  ratio 
between  the  intensities  of  balancing  weights  or  forces, 

In  short,  the  continued  product  of  the  power,  the  cir- 
cumference of  a  and  the  number  of  teeth  on  c  and  / 
equals  the  continued  product  of  the  weight,  the  circum- 
ference of  d  and  the  number  of  leaves  on  the  pinions  e 
and  h. 

188.  Example. — Suppose  the  circumferences  of  a 
and  d  to  be  CO  mm.  and  15  mm.  respectively  ;  that  ft  has  9 
leaves;  c  has  3G  teeth  and  13  leaves;  /  has  40  teeth. 
Then  will 

P  X  60  X  36  X  40  =  W  X  15  X  13  X  9. 

189.  Ways  of  Connecting^  Wheels.— Wheels 
may  be  connected  in  three  ways : 

(1.)  By  the  frictfim  of  their  circtimferences. 
(3.)  By  baiiih  or  belts. 
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p.)  By  teeth  or  cogs. 

The  third  of  these  methods  has  been  idready  considered. 

190.  Uses  of  the  First  Two  Ways.— Tlie  first 

method  ia  aaed  where  no  great  reeistaneo  ia  to  he  overcome, 
hut  where  ovenneas  of  motion  and  freedom  from  noiae  are 
chiefly  desired.  It  is  illuatrated  in  aome  sewing-machinea. 
The  second  method  ia  used  when  the  follower  is  to  he  at 
some  distance  from  the  driver.  The  friction  of  the  belt 
upon  the  wheela  must  be  greater  than  the  resistance  to  he 
overcome.  It  is  illustrated  in  most  aGwing-machinca,  and 
in  the  spinning- wheeL 

191.  Relation  of  Power  to  Weight  De- 
termined.— The  follower  wii!  revolve  aa  many  times 
as  fast  aa  ttie  driver,  as  its  circnmferenee  is  oontained 
timcfl  in  that  of  the  driver.  The  prohlem  of  finding  the 
distances  passed  over  in  a  given  time  by  the  jiowfr  and 
weight,  and  thence  the  relative  intensities  of  tho  |K)wer 
and  the  weight,  thus  becomes  an  easy  one. 

Exercises.^  77ie  Wheel  ami  Aj:le. 
to  Bemark. — The  circumfereniK  of  »  circle  is  B.141IJ  times  greatei 
Q  Its  dUmeter. 
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12.  The  pilot-wheel  of  a  boat  is  3  feet  in  diameter ;  the  axle,  6 
inches.  The  resistance  of  the  rudder  is  180  pounds.  What  power 
applied  to  the  wheel  will  move  the  rudder? 

13.  Four  men  are  hoisting  an  anchor  of  1  ton  weight ;  the  barrel 
of  the  capstan  is  8  inches  in  diameter.  The  circle  described  by  the 
handspikes  is  6  feet  8  inches  in  diameter.  How  great  a  pressure 
must  each  of  the  men  exert  ? 

14.  With  a  capstan,  four  men  are  raising  a  1000  pound  anchor. 
The  barrel  of  the  capstan  is  a  foot  in  diameter ;  the  handspikes 
used  are  5  feet  long ;  friction  equals  10  per  cent  of  the  weight 
How  much  force  must  each  man  exert  to  raise  the  anchor  ? 

15.  The  circumference  of  a  wheel  is  8  ft. ;  that  of  its  ajde,  16 
inches.  The  weight,  including  friction,  is  85  pounds  ;  how  grest  a 
l^ower  will  be  required  to  raise  it  ? 

16.  A  power  of  70  pounds,  on  a  wheel  whose  diameter  is  10  feet, 
balances  300  pounds  on  the  axle.    Give  the  diameter  of  the  axle. 

17.  An  axle  10  inches  in  diameter,  fitted  with  a  winch  18  inches 
long,  is  used  to  draw  water  from  a  well,  (a.)  How  great  a  power  will 
it  require  to  raise  a  cubic  foot  of  water  which  weighs  62  J  lbs.  ?  (6.) 
How  much  to  raise  30  litres  of  water  ? 

18.  A  capstan  whose  barrel  has  a  diameter  of  14  inches  is  worked 
6y  two  handspikes,  each  7  feet  long.  At  the  end  of  each  handspike 
a  man  pushes  with  a  force  of  30  pounds  ;  2  feet  from  the  end  of 
each  handspike,  a  man  pushes  with  a  force  of  40  pounds  ;  required 
the  effect  produced  by  the  four  men. 

19.  How  long  will  it  take  a  horse  working  at  the  end  of  a  bar  7 
feet  long,  the  other  end  being  in  a  capstan  which  has  a  barrel  of  14 
inches  in  diameter,  to  pull  a  house  through  5  miles  of  streets,  if  the 
horse  walk  at  the  rate  of  2}  miles  an  hour  ? 

Recapitulation. — To  be  amplified  by  the  pupil  for 

review. 

DEFINITIONS. 

ADVANTAGES. 

RELATION  TO  THE  LEVER. 

FORMULAS  AND  LAWS. 

FORMS. 


WHEEL 
AND    AXLE. 


IWHEEL   WORK. 


DRIVER. 

FOLLOWER. 

LAWS. 

CONNECTIONS.     J  Modb& 

I  USBS. 

t  i^LAT\ON  OF  P  TO  W 


XgSECTiON  III. 

THE    PULLEY   AND  THE    INCLINED    PLANE.] 

S.92,  What  is  a  Pulley 7--.^  pidley  consists^ 
Mwheel  turning  upon  an  axis  arid  having  a  cord 
sin-g  over  Us  grooved  cirowmferenoe.     The  li'amo 

fapportiiig  the  axis  of  the  wheel  is  called  the  bloek. 

193.  A  Fixed  Piilley. — The  advantages  arising 
^^from  the  use  of  a  pulley  depend  upon  the  uniform  tension 
^Bt  the  cord.  If  a  cord  be  passed  over  a 
^^B^ej  fixed  to  the  ceiling,  a  weight  being 
^^t  one  end  and  the  hand  applied  at  the 

other,  the  tension  of  the  cord  will  be  uni- 
form, and  the  band  will  have  to  exert  a 

force  equal  to  the  weight  of  the  load. 

the  weight  be  moved,  the  hand  and  woigl 

will  move  eqnal  distances.     It  is  evident, 

ihen,  that  the  fh-ved  puJ-l-ey  affiirds  no 

increase  of  power,  but  oniij  change 
^of  direction. 

^n»4.  A  Movable  PtiUey.— If  one 
^^^n  of  the  cord  he  fo-stened  to  the  ceil- 

mg,  the  load  suapentjed  fi-om  the  pulley, 

and  the  other  end  of  the  cord  dniwn  up 

by  the  hand,  it  will  be  evident,  from  the 

equal  tension  nf  the  eoi'd,  that  the  fixed 

support  carries  half  the  load  and  the  hand 

the  other  half.     It  la  also  evident  that  fo 

raise  the  weight  one  foot  the  hand  must 

j)uU  up  two  feet  wf  the  cord;    tliiit  U  to 


THE   PULLET. 

'  the  cord  carrying  tto  weight  maet 
■     Thus  the  hand,  hy  lifting  50  pounds 
0  raise  100  pouods  one  foot.     It  is  to  hi 
have  here  no  creation  or  increase  of 
[  energy,  working  power,  bnt  that  we  do 

secure  an  iniportjint  transformation  of 

velocity  into  intensity. 

195.  A  Combination  of  Pul- 
leys.— By  the  use  of  several  fixed  and 
mov.ahle  pulleys  in  blocks,  tlie  nnmber 
of  parts  of  the  cord  suppurting  the  mov- 
able block  may  be  increiieed  at  pleasure. 
Ill  nil  such  cases,  the  tension  of  the  cord 
will  he  uniform,  and  the  port  o'f  the  cord 
to  which  the  power  ia  applied,  will  carrj 
only  a  part  of  the  load.  The  value 
of  this  part  of  the  load  depends  upon 
the  nnmber  of  sections  into  which  the 
movahb  pulley  divides  the  cord. 

196.  Ijaw.of   the   PoBey,— 

With  a  puMey  liaving  a  canting 
uoua  cord,  «•  given  power  uill  support  a 
icc-ight  as  many  times  as  great  as  itself  as 
there  are  parts  of  the  cord  supporting  th» 

■movable  block. 

197.   Concerning    the    Numb 
Parts  of  tlie  Cord.— By  obseiTing  the! 
oral  figures  of  pulleys  in  this  w'Ctioii,  it  wUI  l»  ] 
seen  thut  when  the  fixed  end  of  the  corfl  is  g 
tached  to  the  Jixed  block,  the  number  of  parte  ol  I 
J*    the  cord  supporting  the  weight  is  twice  the  nnoi'  J 


ber  of  movable  pulleys  used ;   that  vhen  the  fised  end  of 
the  cord  is  attached  to  the  movable  block  the  uuniber  ot 
parts  of  the  cord  ia  one  more  than  twice  the  number^ 
movable  pulleya  uaed. 

198.  What  is  an  Inclined  Planel—Tke  it^ 

jlined  plane  is  a  smooth,  hard,  infle^vUle  surface 
Inclined  80  as  to  make  an  oblique  angle  ivith  the 
direction  of  the  force  to  he  overcome:  In  most  caaes  it 
is  a  plane  surface  inclined  to  the  liorizon  at  an  acute  angle, 

fd  is  used  to  aid  in  the  performance  of  work  against  the 
fee  of  gravity. 
199.  Resolution  of  tlie  Force  of  Gravity.— 
When  a  weight  is  placed  upon  an  inclined  plane,  the  ibrca 
of  gravity  tends  to  draw  it  vertically  downward.  This 
force  may  be  resolved  into  two  forces  (§  91),  one  acting  per- 
pendicularly to  the  plane,  producing  pressure  completely 
resisted  by  the  plane,  the  other  component  acting  opposite 
to  the  direction  of  the  power  which  it  is  to  counterbalance. 
The  first  component  shows  how  much  pressure  is  exerted 
upon  the  plane ;  the  other  shows  what  force  must  be 
exerted  to  maintain  equOibrium.  The  value  of  the  second 
component  will,  plainly,  vary  with  the  direction  of  the 
power. 
200.  Three  Cafies.— In  the  use  of  an  inclined  plane,  tliree 

(1.)  Where  the  power  acts  in  a  direction  pacBllel  to  tbe  leng;tli  of 
the  pUne. 

(3.)  Wliere  the  power  acts  in  a  dlreptlon  parallel  to  tlio  base  of  the 
plane  (generally  horuionta! ). 

f,S,)  Where  the  power  acts  in  a  direction  parallel  to  neither  the 
Ungth  nor  the  iiaae  of  the  plane. 
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I  iiif  rupiesent  a  plane  incliaud  to  the  honzoattil  line  LN.     Let  A 
represent  a  butl   weigliing  20  Eg.     The 
'  problem  b  tu  find  what  force  acting  in  Um 
direction  £Jf  will  hold  it  in  eqiulibtiiua. 
The  weight  of  the  bodj  A\aa.  downward 
force  of  SO  Sg.,  whicli  may  be  graphically 
J   represented  {§  81)  bj  the  vertical  line  jIC, 
20  Tnm.  in  length.     Any  other  coQTenieDt 
unit  of   length  might    be  used,  but  the 
scale  of  1  mm.  to  the  Kg.  being  adopted, 
it  must  be  miiinuuoed  throughout  the 
Fig.  sg.  problem.     The  force  represented   by  AC 

is  resolved  into  two  cMnponents  r^re- 
B«Bntedbj'.ii),perpendIciilnr  toiW,  and  by^lS,  parallel  to  it.  The 
■  former  component  miiMunw  the  pressure  to  t>e  resisted  by  the  plaoe; 
■Lthe  iatter  componput  meiiHures  the  force  with  which  the  bsll  is 
ft-drawn  towards  L.  This  second  component  ig  to  be  balsnced  by  the 
K«qual  and  opposite  force  AB,  the  equtlibrant  of  AB.  It  may  be 
[proved  geometrically  that 

AB  :  AC  : :  MN  ;  ML.     (fflneff-d  OeomttTy.  Art.  B41-> 
Careful  construction  and  measurement  will  ^ve  the  same  result, 
I.  But  AB,  or  rather  its  equal  AB' ,  represt^nts  the  power  ;   AG  repre- 
» Bents  the  weight ;  JfiV  represents  the  height  ;  and  ML,  the  length 
I  Df  the  plane.    Therefore, 

P  :  W  ::  h  :  1.      or,      P  =  the  j  part  of  W. 
303.   Law  for  the  First   Case.— In  the  figure 
|>  above,  ML  19  twice  the  length  of  MN,  and  AC  is  twice  the 
length  of  AB  or  AB'.     This  indi- 
cates that  a  force  of  10  Kg.  acting  in 
the  direction   LM  would  hold  the 
ball  in  equilibrium.    This  result  ma; 
be    easily    verified    hy    experiment 
We  may  therefore  establish  the  ftfl- 
lowing  law:   When-  a  0'Ven.  juntvf 
acts  parnMcl  to  the  plane,  it  wiH 
]ajj,ppoi't  a  weight  as  many  titnes  as  great  as  itself  as 
e  lertgih  of  ihe  plane  is  times  as  great  as  its  verti- 


Fig,  56. 


l"Kg.^    . 


203.  Law  for  the  Secoiirt  Case.— By  leaolving 
Ke  force  of  gravity,  or  by  experi- 
ment, the  following  law  may  be 
established :  M'Tien  a  given  power 
acts  parfiUeZ  io  the.  base,  it  will 
support  a  weight  as  many  ^ 
times  as  great  as  itself  as  the 
horizontal  base  of  tho  plane  is 
times  as  great  as  its    vertical 


aO*.  The  Third  Cano.— For  the  third  ca 
tcting  in  a  direction  parallel  to  neithf  r  the  length  n 
ihe  plane,  no  law  oin  be  given  TJie  ratio  of  the  power  to  the 
weight  may  be  determined  by  resolving  the  force  of  gravity,  aa 
above  esplained,  the  conalmction  and  meaeurement  being  cajefully 


EXEECISES. 

Remarlr.— The  first  problem  may  be  read  : 

(a.)  In  a  system  of  pulleja,  the  weight  being  supported  by  two 
Bectlana  of  the  wird,  a  power  of  25  lbs.  will  support  what  weight '! 

(b.)  In  an  inclined  plane,  the  power  acting  in  the  direction  of  the 
lutit^h.  the  height  being  3  ft.,  what  must  be  the  Inngth  tiiat  a  power 
of  35  lbs.  may  support  the  samfi  weighT  iis  ilelermined  in  (ri )? 
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11.  With  a  fixed  pulley,  what  power  will  support  a  welfbt  of  H 
i.  pounds » 

13.  With  a  movable  pulley,  what  power  will  support,  a  weight  <A 
m  pounds  f 

•  13.  What  is  the  greatest  effect  of  a  sjstein  of  3  movable  and  4 
Itied  pulleys,  the  power  applied  bang  75  pounds? 

14.  With  a  system  of  5  movable  pulleys,  one  end  of  the  ropt 
being  attached  to  the  fixed  block,  what  power  will  raise  a  ton! 

15.  If  in  the  system  mentioned  iu  the  problem  above,  the  rope  be 
Bttached  to  the  movable  block,  what  power  will  r^so  a  ton! 

IR.  With  a  pulley  of  G  sheaves  in  each  block,  what  Is  the  least 
power  that  will  support  a  weight  of  1,800  pounds,  allowing  J  foi 
friction  t    What  will  be  the  relative  velocities  of  P  and  W  ? 

17.  Kgnre  a  set  of  pulleys  by  which  a  power  of  30  pounds  irill 
Bnpport  a  weight  of  350  pounds. 

IS.  The  height  of  sn  Inclined  plane  is  one-6fth  its  horiaontal 
Iisse.  A  globe  weighing  250  Kff.  is  supported  in  place  by  a,  force 
noting  at  an  angle  of  45°  with  the  hose.  The  pressore  of  the  globi 
upon  the  plane  is  less  than  250  Kg.  By  constnictlon  sud  measnrr 
ment,  determine  the  intensity  of  the  supporting  force, 

IS,  With  the  conditions  ss  given  in  the  last  problem,  except  that 
Ike  pressure  of  the  globe  upon  the  plane  is  more  than  350  Sff.,  de- 
lermine  the  intensity  of  the  supporting  force. 

SO.  The  base  of  an  inclined  plane  is  10  feet ;  the  height  is  S  leeL 
What  force,  acting  parallel  to  the  base,  will  balance  a  wdght  of 

21.  Au  incline  has  its  base  10  feet;  itshelght,  4feet:  bowhesTyi 
ImII  will  50  pounds  power  Toll  iipf 

23.  How  great  a  power  ivili  be  reqnired  to  support  a  ball  weighing 
40  pounds  on  an  inchned  plane  whose  length  is  8  times  its  hdght? 

23.  A  weight  of  800  pounds  rests  upon  an  Inclined  plane  8  feet 
high,  being  held  in  c<[Hilibrlnin  by  a  force  of  25  poonde  BcUn| 
jMuallet  to  the  hase.     Find  the  length  of  the  plane, 

34.  A  load  of  3  tons  is  to  be  lifted  along  an  incline.  The  powei 
Is  75  pounds  f  give  the  ratio  of  the  incline  wluch  may  he  used. 

83,  A  1500  pound  safe  is  to  he  raised  S  feet.'  T!ie  greatest  powei 
Ihatcan  be  applied  is  330  ponnds.  Give  the  diuienaions  of  thr 
sIiDrtest  iucliued  plane  that  can  he  used  for  that  purpose. 

Recapitulation. — Tn  he  amiilificd  Ity  llip  pnpjl  for 
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TSE    WEUOE. 
DEFINITION. 

r  FIXED 

KINDS.] 

\  COMBINATIONS. 

LAW. 

RELATION  between  the  number  of  pulleys  and  the 
I         number  of  parts  of  the  cord, 
r  DEFINITION. 
"^^■■"^E^  J  FORCE  OF  GRAVITY  j  ,™,:;^'^  -""*■ 
PLANE.    I  RESOLVED. 

I(E  WEDGE,  SCREW,  COMPOUND  MACHINES,  AND 
FRICTION. 
BOS.  What  is  a  Wedge  ?— ^  ived£B  is  a  mov- 
ie  inclined    phtne    in 
which   the   power  gener- 
ally acts  parallel  to  the 

PPS06.    Its    Use.  — me 
K'9Mff^0  is  used  for  nwvtng 
great  weights  short  din- 
tanees.      The    law   ia   the  ^^^-  Se- 

same as  for  the  corresponding  inclined  plane.  A  common 
method  of  moving  bodies  is  to  place  two  similar  wedges, 
with  tlieir  thin  ends  overlapping,  nnder  the  load. 
Simultaneous  blows  of  equal  force  are 
fitrnck  nptm  the  heads  of  the  wedgea. 
In  this  eaae,  the  same  foi-ce  must  bs 
used  upon  eacii  wedge  as  if  only  one 
Fig.  59,  wrronaed,batthepowQrb6m£4.Wjfe\eA 


THE  SCREW. 


distimoe  E^^^^f 


I 
I 


and  the  weight  remaining  tlie  Barni!,  the  distimoe 
twice  as  grtat  as  when  only  one  wedge  ia  used. 
S07.  A  Mora  Common  Use. — A  mora  eam- 

jnotv  hind  of  vwdge  is  that  of  tii-a  in- 
dined  planes  united  at  their  hases.  Sueli 
wedges  are  used  in  splitting  timber,  stoneif  etc. 
The  power  la  given  in  repeated  blows  instead 
ol' continued  pressure.  For  a  wedge  tbus  need, 
no  defiaite  law  of  any  practical  value  can  Ijb 
given,  farther  than  that,  with  a  given  thick- 
Fm.  6a     ucas,  the  longer  the  wedge  the  greater  the  gain 

in  intensity  of  power. 
SOS.  Wliat  is  a  Serew?^/  Screw  is  a  ej/lU^ 

der,  gen&ralhj  of  wood 

or  metal,  with  a  spiral 

groove  or  ridge  winding 

ttboiLi  its  circumference. 

The  spiral  ridge  ia  called 

the  ihread  of  the  eorew. 

The  thread  works  in  a  nut, 

within    which    there   is   a 

corresponding  spiral  groove 

to  receive  the  thread. 
{a.)  The  powei  is  used  to  turn  tbo 


Fig.  6i, 


mthin  a  fixed  nut,  at  to 
turn  tha  nut  about  a  fixed  Ecrew.  In  oither  case,  a  kver  of  wheel 
ta  generally  used  to  nid  the  power.  Every  turn  of  the  screw  at  nnt 
Sither  pQshfs  forward  the  ecrew  or  draws  buck  the  nut  by  exactly 
flie  distance  hotwcon  two  tuma  of  thei  thread,  this  distance  b«Ing 
measured  in  the  direction  of  the  aiis  cf  the  screw.  The  weight  or 
MMstancB  at  W  is  taoved  thle  distance,  while  the  power  at  P  moTCi 
over  the  drcumfornnoe  of  a  circle  whoai  radiiia  is  PF.  The  dlSar 
e  between  these  distancea  is  generall/  very  great.  Hence  fldl 
kinachine  affords  great  Intensity  uf  power  vith  a  correEpondlnf  loH 
f  reJocItr. 


fas 
rew         I 


^09.  Ijaw  of  the  Screw.— The  second  general 
r  of  machines  (§  167,  [2])  may  be  adapted  to  our  preeeut 
purpose  as  follows :  With  the  screw,  ft  given  power  udU 
support  a  weight  as  m.any  times  as  great  as  itself  as 
he  oiroumferenoe  desr-ribed  bij  tlie  power  is  times 
t  the  distance  between  two  adjoining  tui 
e  thread. 
felO.  The  EiidloHS  Hcrew.—^n  endZess  screw 
Wjone  whnbc  thread  aots  on  tfte  teeth  of  a  loheid. 

■  has  a  rotarv  but  no 
tengthwise  motion  As  the  bun- 
dle is  turned,  the  thnad  citches 
the  teeth  and  turns  the  wheeL 
Tiie  wheel  moyes  one  tooth  for 
every  turn  of  the  handle.  Suc- 
cessive teeth  are  caught  as  others 
piiiSa  out  o£  reach.  A  mnlimwus 
motion  is  thus  produced ;  hence 
the  name  "endless  screw."  The 
figure  will  aid  in  the  application  of  the  second  genera!  law 
^^rf  machines  to  determine  the  ratio  between  the  weight  and 
^^n  power. 

^frSll.  Compound  MachiiieB. — We  have  now  con- 
sidered each  of  the  six  traditional  simple  machines.  One 
of  these  may  be  made  to  act  upon  another  of  the  same 
kind,  as  in  the  case  of  the  compound  lever  or  wheel-work ; 
or  npon  another  nf  a  different  kind,  as  in  tliy  Ciise  of  tlie 
endleas  screw.  When  any  two  or  more  of  tliese  miichinca 
e  eomliined,  the  effective  force  muy  he  found  by  coniput- 
[  the  effect  of  each  separately  and  then  compounding 
J  OP  by  Ending  tho  weight  that  t\ie  g\>'eii  ^'atx  "«^ 


I 
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BQpport,  using  the  first  machine  alooo,  considering  th; 
result  as  a  new  power  acting  upon  the  second  macbioo, 
and  BO  on. 
313.  Wliat  is  Friction?— The  chief  impediment 

to  the  motion  of  mitchinery  arises  from  friction,  which  lii»y 
be  defined  as  the  resistance  which  a  moving  body 
meets  luith  from  the  surface  on  which  it  moves. 

313,  Tlie  Cause  of  Frictiou. — It  is  impoasihle, 
hy  any  known  means,  to  produce  a  perfectly  smooth  sur- 
face. Even  a  polished  surface  contains  minute  projec- 
tions  which  fit  into  corresponding  depressions  on  the  cor- 
responding surface.  To  produce  motion  of  one  surface  on 
the  other,  these  projections  must  be  lift«d  out,  bent  down, 
or  broken  off. 

314.  Eiglit  Facts  Concerning  Friction.— 
The  following  facts  have  been  determined  by  experimenL 
and  may  be  easily  illustrated  in  the  same  way: 

(1.)  Friction  is  greatest  at  the  beginning  of  motion. 
After  surfaces  have  been  in  contact  for  some  time, 
so  that  the  projections  of  one  have  had  opportunity 
to  sink  deeper  into  the  depressions  of  the  other,  (tie 
resistance  offerud  by  friction  is  couaiderably  in- 
creased. Every  teamster  and  street-car  driver  ifl 
familiar  with  the  fact. 

(2.)  Friction  increases  with  the  roughness  of  Wi« 
sutrfaces. 

(3.)  Friction  is  greater  between  soft  hocli^es  l^ituk 
hard  ones. 

(4.)  Frirtion  ix  np^rjj!  profmrti final  in  pressurti, 
(a.)  V^ace  a  brick  upon  a  horizontal  bnaivl.     Around  il  faatKn.  ml 

end  at  a  ironl  and  pass  the  other  end  over  a  pulley  eo  that  tt  w^ 
^»ng  vertically.    Add  just  weights  eaougi  ta  \bbv  tlia 


moUon  nfter  11  Is  atnrted.     The  wei^lits  meusuro  tlie  (riction.     Pl^^e 
a  BOCQnd  Bimilai  brii.k.  upon  tbo  Urat ;   the  moving  forte  i 

(ibled.    Place  anothur  xiniilnr  brick  u[>on  the  other 
paai  moving  force  muat  i>e  tripled. 
)  Friction   is  not  a/fected  by  extent  of  surface 
except  within  extreme  lUnUs.    In  tlie  case  of 
tbe  brick  above  mentioned,  the  moving  force  will 
be  the  eamo  whether  the  brick  lie  on  its  brond  face 
or  on  its  Bid& 
(8.)  Friction    is  greater   between    surfaces   of    the 
same  material  than  between  those  of  differ- 
ent hinds. 
{If.)  Bodies  of  the  Eatne  materia]  h&ve  the  same  molecular  stinc- 
ture  (§  10,  /i),     Henee  their  little  projectionB  and  cavities  mutuallj 
St  each  other  as  would  tlie  t«eth  of  similar  saws.    A  very  little  re- 
flection will  show  that  the  eleuieut  of  ehnilanly  in  molecular  stratv 
tore  {jost  as  with  the  Bawsl  IB  verjr  importunt  to  determining  the 
^^mount  of  friction.     For  this  reason,  the  asles  of  railway  rarBl>eing 
^^B|deo(  steel,  the  "hoses"  in  which  they  revolve  an- made  ot  Iirasa 
^^^nther  different  metul.     Hence  the  advantages  of  a  watch  "  full 
^^HMled."  and  hence  the  swiftness  of  the  skillful  skater. 

(7.)  Rolling  friction  is  less  than.  diiJing  friction. 
(8.)  Friction   is   diminished  hij   polishing  or  lubri- 
catijig  the  surfaces.    An  unequalled  example  ol 

■       fiiction  i-ediiced  to  its  minimum  is  in  tliecaseof 
the  joints  of  animals. 
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15.  Abook-blnderhaaapreas;  thetlucadsofltBacrewarelin.Bparti 
4ho  nat  Is  worked  \>y  a  lever  whiuli  dt^sctibua  u  circutaference  of 
'  I  (t.  liuvT  gjeat  a  pruijsure  wtU  &  power  of  15  Iba.  upplied  at  the  end 
of  the  leverproduce,  the  loaa  by  friction  beiiigequivftlentto3401ba,1 

16.  A  BorBw  haa  11  threada  for  eveiy  incli  in  length.  If  the 
lever  ia  8  inuhes  Inng.  the  power,  50  pounds,  and  friction  is  J  of  the 
energy  used,  what  reaistance  may  be  overiwme  by  it? 

17.  A  screw  with  tiireada  IJ  ui.  apart  is  driven  by  a  lever  4i  ft 
long ;  what  is  the  ratio  of  the  power  to  the  weight  1  (See  Appendix  A.) 

18.  How  grout  a  pressure  will  be  exerted  by  a  power  of  IS  llw. 
applied  to  a  screw  whose  head  is  one  inch  in  dreumCetenca  b 
whose  threads  are  \  inch  apart  ? 

19.  At  the  top  of  an  indined  plane  which  rises  1  ft.  in  30  is  a  -wbeA 
and  axle.  Radius  of  wheel=3J  ft.;  radius  of  axle =41  in.  What  load 
may  be  lifted  by  a  boy  who  turns  the  wheel  with  a  tore"  oi  35  lbs.  I 

20.  The  crank  of  an  endless  screw  whose  threads  are  an  Inch 
apart  descril>es  a  circuit  of  73  Inches.  The  screw  ads  od  the 
toothed  edge  of  a  wheel  60  inches  in  circiunfcrence.  On  the  axis 
of  this  wheel,  which  is  10  inches  in  circumference,  is  wound  a  cord 
which  acta  upon  a  set  of  pulleys,  3  in  each  block.  The  eHect  of  the 
pulleys  is  oiorted  upon  the  wheel  of  a  wheel  and  axle.  The  di&m- 
otere  of  the  wheel  and  of  the  axle  are  4  ft,  and  0  inches  reepeO- 
tively.  What  weight  on  the  wheel  and  aile  may  be  lifted  hy  ■ 
force  of  Sa  lbs.  at  the  crank,  allowing  for  a  lees  of  \  by  fricHonT 

31.  An  endless  screw  which  is  turned  by  a  wheel  10  ft.  in  t^Evnm- 
ference  acts  upon  a  wheel  having  81  ti;eth  ;  thia  wheel  has  an  ails 
18  inches  in  circnmference ;  the  power  is  T5  Itw,  Find  the  valneot 
the  weight  that  may  be  suspended  from  the  axle. 

33.  In  moving  a  building  the  horse  Is  attached  to  a  lever  7 
long,  acting  on  a  capston  barrel  11  inches  in  diameter;  on  the  barrel 
winds  a  rope  belonging  to  a  system  of  2  fisnd  and  3  movable  pul- 
leys. What  force  will  be  exerted  by  500  pounds  power,  aUowii^ 
1  for  loss  by  friction  t 

Recapitulation. — To  be  amplificid  by  the  pupil  fw 
reyiew. 
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Keview  Qdestions  and  Exebcisbb. 


;.  (a.)  What  is  a  macliine?    (6.)  What  ia  a  macliino  good  tori 
.)  State  the  general  laws  of  machuieB  and  {d]  Uluatrate  by  the 

■  2.  (a.)  What  are  the  arm*  of 'a  lever?    (6.)  What  ia  meant  by  the 
a  force?    (c.)  llloetrate  the  equalit;  of  momenta  in  raa 
chines  hj  the  wheel  and  axle. 

3,  («.)  What  are  the  respective  advantages  to  be  gained  by  tliti 
several  clasBeBot  levprs?  (6.)  Esploin  the  advantage  gained  by  a 
clan  hammer  in  drawing  a  nail,  (c.)  What  is  meant  by  donbte 
neighing  1 

4,  With  a  lever  of  given  length,  in  which  class  will  a  pven 
power  yield  the  greatest  intensity  of  eflect  I 

5,  |o.)  To  what  kind  of  a  lever  is  ordinary  clock-work  analogoua? 
A.)  Show  why. 

ft  (a.)  Does  it  reqaire  more  ipork  to  lift  a  barrel  of  flour  into  a 
wagon  four  feet  high  than  to  place  it  there  by  rolling  it  up  n  pinuk 
12  feet  long  ?    (6.)  Show  why. 

7.  {a.)  Give  the  static  law  for  the  inclined  plane  when  the  power 
»ct8  psrallel  to  the  plane,  (i.)  When  it  acts  parallel  to  the  horizon, 
if.)  Fignre  a  system  of  pullpys  by  iuuilqb  of  which  a  'weight  of  5 
poimdB  wUI  snppoit  a  weight  of  2S  potuids. 

8.  (a.)  Figure  a  syatcni  of  4  movnliio  pulleys  hy  means  of  which 
a.  weight  of  3  ll»a.  will  support  a  weight  of  37  lbs.  (6.)  Deduce 
the  formula  for  the  screw  from  one  of  the  general  laws  of  machini's. 

9.  {«.)  In  raising  a  boy  from  a  deep  well  hy  means  of  a  common 
rope  and  pulley,  what  disadvantages  arise  from  friction !  (6.|  What 
immense  advantage  ? 

10.  la.)  Explain  the  cause  of  frirtlon,  (6.)  Wliy  is  friction  between 
iron  and  iron  greater  than  that  between  Iron  and  brass? 

11.  (a.)  How  may  the  contra  of  gravity  of  a  ring  be  determined  ? 
lb.)  What  is  the  value  in  inches  of  the  metriu  unit  of  longthJ 

13.  A  Ixidy  moving  with  an  enercy  of  20  foot-pounds,  strikes  the 
end  of  the  arm  of  a  lever  of  the  fii-st  class,  foot  feet  from  the 
fulcrum,  (a.)  How  many  foot. pounds  will  In-  eserted  by  the  other 
end  of  the  lever,  C  feet  from  thi>  fulcrum  »  (/..)  How  far  would  it 
raise  a  weight  of  1  pounds  V 

13.  Deduce  the  static:  law  for  the  ini'lined  jitane,  first  case,  by 

resolution  of  the  force  of  gravity. 

""   14.  (a.)  What  force  !a  necessary  to  overturn  a  body  ?    (Ji.)  What 

o  between  the  forces  producing  unlEona  und  accelerated 

jdtijjg?  .(fr^.  Siow  (ifl[  (ftf  screw  ia  a  modified  i(i*Am«4  ij\b.i»s- 


LIQUIDS. 


^I^Section  I. 

HYDROSTATICS. 

215.  Iiicompresslbility  of  Ijiqtii<l«.'— LiqniA 

%re  nmrly  i  a  c< impressible.  A  pressure  of  15  pouiida  to 
the  wjuare  inch  compresses  distilled  water  only  a^m 
part  ot  its  volume ;  it  conipressea 
mercury  only  oue-tenth  as  mnch. 
Thia  virtual  iucompresaibility  of 
litiuids  is  of  the  highest  practical 
inil>ortance. 

216.     Transmission    of 

Pressure.— ^'?«'!  (is  can  tran»- 
mit  pressure  in  every  diree- 
Hon,  upward,  downward,  anA 

stdewise  at  the  same  time. 

{a.)  This  property  of  liquids  may  bt 
llluatratRil  liy  the  apparutna  repve- 
iicntBd  In  Fig.  133.  'l'li«  globe  and 
cylinder  liuing  filled  willi  water  *nS 
the  Beveral  openinint  In  the  glotn 
doeed  b;  coike,  a  pisl^u  la  pushed 


fTmnoSTATICS. 


lown  the  ejltnder.    The  pressure  thus  received  aod  transmitted  t^ 
tlia  conflnccl  water  expels  tlie  cork  and  ihrowe  a.  jet  o(  water  trora 


i,j 


c  Appendix  D.) 
^spliinalion  of  tLis  property  of  fluids  mtty  l«  a 
o  Fig,  (14,  representing  five  nioleciileB  of  iiiiy  fluid. 

downward  preasuro  be  applied  to  1.  it 
will  force  2  toward  tlieriglit  and  3  tow- 
ard the  left,  tlius  forming  luterol  pree- 
Hiire.  WTien  tliuB  moved,  ij  will  force  4 
upward  and  G  downward.  Owing  to  the 
freedom  with  which  the  molecules  move 
on  ejich  other,  there  is  no  loss  by  friction, 
and  the  downward  pressure  of  <i,  the 
Fir:,  64,  ujiward  pressure  of   4,  and  the  Iftteml 

pri^ssiire  of  %,  will  each  equal  the  pres- 
Hure  eierted  by  1.  It  makes  nc)  difference  with  the  fact,  whether 
the  pressure  exerted  by  1  wus  the  result  of  its  own  weight  only, 
this  weight  together  with  the  weight  of  overlying  molecules,  or 
both  of  these  with  still  ndditionul  forces. 

317.  Pascal's  Law. — Pressure  exerted  any- 
where upon  a  7nass  of 
liquid  is  transmitted  wi- 
diminished  in  aU  direc- 
tions, and  acts  itii'th  thr 
same  force  upon  all  eqiuil 
surfaces  and  in  a  dirri-- 
tion  at  right  angles  to 
those  stvrfaces. 

218.  An  Ai^uiiient  from 
Pascal'.S  Law. — Fill  with  water 
B  vessel  of  any  shape,  having  in 
Its  ades  apertures  whose  areas  are 
respectively  aa  1.  3  and  3,  each 
■pertare  being  closed  with  a  piston 
without  friction  and  the  water  to  have  no  weight :  then  there  wilt 
be  no  motion.  Suppose  that  the  piston  whose  area  is  represented 
by  1  rests  upon  1(100  molecules  of  the  water  ;  then  will  the  |)islon 
at  2  rest  u^ion  2000.  and  that  at  8  u|icm  3000  molecules  of  water, 
f  one  pound  be  applied  tio  Uie  ^\&Wa  «.V\,'Au» 


Fic.  65. 
Supposo  the  pistons  U 
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RYDROSTATICS. 

B  Ib  distributed  Bmong  tlie  1000  molecules  upon  trUotl  H 
preeses.  Owiog  to  this  freedum  of 
motion,  these  molecnJeB  will  tnuianil 
this  presHure  to  those  odjoceat,  Knd 
these  to  those  beyond,  until  tyierj 
uolecale  of  water  in  the  vessel  exaHa 
a  pressure  equal  to  that  exerted  npcn 
anj  one  of  the  molecules  upon  wliicli 
the  preaaure  was  originally  exerted. 
I.,  every  thousand  moliwulee  In  tb<- 
vosael  will  exert  n  force  of  one  pound. 
Then  will  the  2000  molecules  «t  2 
exert  a  force  of  two  pounds  and  the 
0  molecules  at  3  will  exert  a  force  of  three  pounds, 

219.  All  Iiiipoi-taiit  Principle.— The  foregoing 
argument  may  Iki  summed  up  as  ToUows:  Wlien  fluids 
are  eubjeeied  to  pressure,  the  pressure  sustained  J>y 
any  part  of  the  restraining  surface  is  proportional 
to  its  area. 

320.  Experimental  Proof. — The  above  principle^ 
which  we  dedncud  fi-om  Pascal's  law,  may  be  verified  by  ei- 
periracnt.  Provide  two  com- 
municating tubes  of  unec]ual 
sectional  area.  When  water  is 
poured  into  thcse,it  will  stand 
at  the  same  height  in  both 
tubes.  If  by  means  of  a  piston 
the  water  in  the  smaller  tube 
be  subjected  to  pressure,  the 
pressure  will  force  the  water 
back  into  the  larger  tube  and 
raise  itslevel  there.  To  prevent 
this  result,  a  piston  must  be 

fitted  to  the  larger  tube  and  held  there  with  a  force  i 
man f  times  greater  thaxi  \he  force  acting  upon  the  otbvt 


MTDROSTA  TrCS. 

a  the  area  of  tlio  larger  piston  is  times'  greater  than 
)  area  of  the  emajlcr  one.  If,  for  example,  the  Bmallei 
piston  have  aa  arcn  of  1  sq.  cm.  auH 
tii&  liirgci  piston  an  area  of  16  sq. 
cm.,  a  wciglit  of  1  Kg.  luiiy  be  made 
to  siippoi't  a  weiglit  of  Iti  Kg. 

831.  Pascal's  Expei-inient. 
—Pascal  firmly  fixed  a  very  narrow 
tube  about  30  ft.  high  into  the  head 
of  a  stout  cask.  He  then  filled  the 
cask  and  tube  with  water.  The 
weight  of  t!ie  amtill  itmount  of 
water  in  the  tube,  producing  a  pres- 
sure as  many  times  gi'eater  than 
itself  as  the  inner  aunace  of  the 
i  caak  waa  times  greater  than  the 
!  sectional  area  of  the  tube,  actnally 
burst  tbe  caslv. 
333.  TUo  HyOro- 
:  Bellows. — TJte  hydrostatio  bellows 
isfsts  of  two  hoards  faste-ned  together  by 
~  iraad  band  of  stout  leather,  and  a  small 
vertictd  Pibe  cOTmnunicating  with  Hie  in- 
terior. If  tlie  tube  have  a  sectional  area  of  1 
sq-  cm.,  the  downward  pressure  at  b,  its  base, 
vrill  be  one  gram  for  every 
centimeter  of  depth  of  water 
in  the  tube.  If  the  upper 
boai'd,  B,  have  a  snrfacj  of 
1000  yq.  cm.  exposed  to  the 
water  in  the  bellows,  it  will 
be  presseil  ii^»-uj'iJ  with   a 


V 


I  force  of  1000  g.  for  t-very  gram  of  downwaid  presflnre  at  J, 
If  the  tube  be  ^  meters  high,  the  dowuwurd  jircssurc  ;it  E 
will  be  300  g,  and  the  upward  proiiisurc  exrctud  on  B  will 
be  200  g.  X  1000  =  200,000  g.  or  200 
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233.  The  Hydrostatic  Press.— The  hydroBtafio 

press,  often  called  the  hydraulic,  op  Bramah'a  preea, 
upon  the  same  principle.  It  is  represented  in  perspective 
by  Fig.  70  and  in  section  by  Fig.  71.  InBtcad  of  the 
downward  pressure  prodifced  by  the  weight  of  the 
in  the  tube,  pressnre  is  produced  by  the  force-pnmp,  Ifr 
tead  of  l/ie  two  boards  aud  Va&  \c&t\iet  \ia>u4q 
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''wtig  reservoir  and  a  piston,  working  water-tight,  are 
"wd.  The  Bubstatice  to  be  preeeed  is  placed  between  K, 
tliehead  of  the  piston,  and  an  iniinnvable  plate,  .V_\',  Tjie 
tssMToir  and  the  cylinder  of  the  pump  are  connected 
''Jtiie  tnbe,(i.  By  the  action  of  tlic  pump,  the  water  in 
theeyGnder,^,  is  subjected  to  pressure  and  this  pressure 
1!  traoBmitted  nDdiminiBhed  to  the  water  in  B.  According 
to  the  law  given  in  §  319,  the  power  exorted  npon  Ihe 
lower  sarfaces  of  the  two  pistons  is  proportional  to  Iheir 
respective  areas.  But  the  force  eierted  i>y  the  water  upon 
the  under  surface  of  the  piston  in  tlic  pump  if!  the  ?amc  as 
tlie  force  exerted  upon  the  water  by  that  piston,  (equality 
of  action  and  reaction).  The  piston, «,  is  generally  worked 
hy  a  lever  of  the  second  class,  resulting  in  a  still  further 
g^n  of  intensity  of  power.  If  the  po«'er  iirni  of  the  lei  cr 
he  ten  times  aa  long  as  the  weijrht-arm,  a  power  of  50  Kg. 
>tthe  end  of  the  lever  will  exert  a  pressure  of  500  Kg. 
upon  the  water  in  A.  If  the  piston  in  A  have  a  section*' 
uu  of  1  eq,  cm.  and  the  piston  in  B  have  au  area  of 


rias 
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I 

^H  fiq.  cm,  then  tho  pressors  of  GOO  Kg.  exerted  b;  the  email 

^H  pistoa  will  produce  a  pressure  of  500  Kg,  x  500  =  350,0(Hi 

^B  Kg.  upon  the  lower  surface  of  the  largo  piston.     HeM'i' 

^V  the  following  rule: 

I 


Midtiply  tfie  preesurs  exerted  by  the  piston  of  tlit 
pump  by  tfie  ratio  between  tJie  sectional  areas  of 
the  two  pistons. 


t 


(fl.)  The  Hccompanjing  fig^ura  sbows  &  device  due  to  Ritchie  of 
sstOD.  It  conaiatB  of  e.  base  B  ;  a  slidiug  platfonu  P  guided  bjtwo 
vertiiji]  pUiara  ;  a  belJowa-formed  rubber  lag 
connecting  the  bofie  and  platform  ;  nn  J  a  bag  or 
flask  F,  fitted  with  a.  cap  and  cork.  The  flaak  ia 
cooDectal  with  the  base  by  flexible  tubing.  A 
weight  W  is  placed  upon  the  platform.  Fill 
the  globe  with  water,  and  elevate  it ;  th"  iirea- 
sure  of  the  uolumn  will  force  the  water  into  thv 
beltowa,  raising  the  weiglit ;  lower  the  globe 
and  the  weight  will  force  the  water  baci 
oit. 


334.  Liquid  Pressiire  Dne  to 
Gravity. — The  pressare  exerted  by 
liquids,  on  aecount  of  their  weight,  may 
be  downward,  upward,  or  lateral.  Pree- 
aure  in  any  other  direction  may  be  re- 
solved into  two  of  these.  We  shall  now 
briefly  consider  these  three  kinds  of 
liquid  pressure. 

235.  Downward  Pressure.— 27ie  pressura  «» 
the  bottoirb  of  a  vessel  containing  a  li^iid-,  is  £»• 
dependent  of  the  quantity  of  the  liquid  or  ih4 
shape  of  the  vessel,  but  d^epends  upon  the  dspth 
and    density  of    the    fluid   utuZ  tJie  area  of  thi 
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(a.)  Paical  contrived  ft  neat  experiment  to  verify  this  prindpla, 
The  appacaltia  coneiata  of  a  woQtlen  support  carrying  a,  ring  'nto 
tThich  may  be  screwed  any  arte  of  three  vessels,  one  tylindricnl,  ona 
widenmg  iipwnrd  and  one  narrowing  u])ward,  straight  or  bent.  On 
Uie  lower  aii)«  of  the  ring  is  a  plate  a,  supported  by  a  thread  from 


B  end  of  nn  ordinary  hnlatice.  Tlie  other  end  of  the  bolBtice 
carries  a  acale-pan.  Weights  in  the  scale-pan  liold  the  plati;  i 
against  the  ring  with  a  certoln  force.  Wat^r  is  carefully  poured 
Inlo  M  until  the  pressure  forces  off  the  plat*  and  allows  a  little 
of  the  water  to  escftpe,  A  rod  o  marka  the  level  of  the  Hqnid 
when  this  takes  place.  Repeating  the  esperiment  with  the  same 
weights  in  the  scale-pan.  and  either  P  or  Q  in  the  plaee  of  M, 
the  plate  will  lie  detached  whon  the  water  hns  reached  the  same 
hdght  aJtbongh  the  quantity  of  water  is  much  less. 


226.  Rule  for  Downward  Pressure.— When 

the  cylindrical  veHsel,  mentioned  in  the  last  paragraph, 
filled,  it  ia  evident  that  tlie  downward  pressure  ia  equal  to 
t^  vei^t  of  tbc  contamed  Uqaid.    It  u  luitUet  e's^sii\  _ 
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that  tbe  weight  of  the  counterpoiee  in  the  sca1&-pau,  th« 
weight  of  the  liquid  contained  in  P,  and  the  downward 
pi-eB8iirc  exerted  un  the  plata  by  tlie  liqnid  contaiaed  In 
M,  P,  or  Q  iire  eqititl.  Wo  therefore  duduco  the  following 
rule: 

To  find  the  downivard  pressure  on  a  horlzantai 
surface,  find  tlie  weight  of  an  imaginary  cotamn 
of  the  given  lii/itid,  whose  base  is  the  same  as  thf 
given  Burface,  and  whose  altitude  is  the  same  af 
the  depth  of  tJie  given  surface  bdow  tJie  sarfaDt 
vf  the  liquid. 

Note. — A  ciLblc  foot  of  water  welgha  about  1000  oonceg,  0S) 
paanda  (more  exactly  ftS.4S  lbs.). 

3S7.  tlpward  i^ressiu-e. — Rome  perBona  have  difr 

ficulty  in  understanding  that  liquids  have  upward  jms- 
sure.  This  upward  presenre  may 
be  illustrated  as  roiiowa;  Takei 
glass  tube  open  at  both  ends,  hav- 
jngat  its  lowerendaglaes  ornnM 
disc  Buppoi-ted  from  its  centra 
by  a  thread.  If  this  apparatiu 
he  placed  in  ■water,  the  tnbe 
being  vertical,  the  upward  pros- 
Bure  of  the  ■water  will  hold  the 
disc  in  its  place.  If  the  disc  does 
not  accurately  fit  the  end  of  the 
f  ube,  water  will  be  forced  into  tii« 
tube,  and  gradually  fill  it  from 
below.  If  the  disc  doea  fit  aCCD- 
rately,  as  is  desirable,  ponrvatcr 


Fig.  74. 


alJfiato  the  tube.    In  citViei  ca&e,  \.^&  d^v 


tield  ia  place  Hgoitist  tho  force  of  gravity  antll  the  level  of 
the  water  witbiu  the  tube  is  very  uearly  the  eanio  as  tliiit 
in  the  out«r  vessel.  The  diac  will  not  laU  until  the  weight 
of  the  water  in  the  t\iheplu8  tlie  weight  of  the  disc  eqiiale 
the  upward  pressure, 

JVoie. — A  lamp  cUimney  nnewera  the  purpose  of  tliia  piperiment. 
On  the  glass  disc  pour  a  little  &ne  emery  powder,  and  on  this  rul] 
the  end  of  the  Inmp-cbimney  until  they  fit  accurately.  The  string 
may  be  fustened  to  the  disc  with  wai. 

238.  Rule   for    Upward    Pressure.— To  find 

the  upward  pressure  on,  any  horizontal  surface, 
find  the  weight  of  on  imaginary  column,  of  tJhC 
giuen  lif/uld  whose  base  is  the  sam.e  as  the  given 
surface,  and  whose  altitude  is  the  same  as  the 
depth  of  the  given  surface  below  the  surface  oj 
the  liquid. 

329.  The  Hydrostatic  Paradox. — It  may  seonr 
strange  at  first  thought  that  veasela  whose  bottoms  are 
subjected  to  ecjual  pressnre,  like  those  represented  in  Fig. 
To,  do  not  exert  equal  pressures  upon  fhe  stand  supporting 
litem;  in  other  words,  that  they  do  not  weigh  the  same, 
The  difficulty  will  be  removed  by  remembering  that  the 
pressure  on  the  bottom,  of  the  vessel  is  only  one  of 
the  eleynents  ichioh  combine  to  produce  tlte  pres- 
sure   upon     thr 


stand.  By  refer- C 
ence  to  the  figui-c, 
which  repreaeuls 
Uiree  veeaels  of  iin- 
pf|iial  capacity  bnt 
having  equal  pros- 
anres  npon  the  hot- 
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torn,  it  will  be  seen  that  the  weight  may  be  the  resultant 
of  Beveral  forces,  compounded  according  to  the  first  and 
eecoud  cusea  specified  in  §  80. 
330.   Lateral    Pressui-e.— We  have  already  seen 

that  dowuwai-d  aud  upward  t>ressnre  are  proportional  to 
the  depth  of  the  liquid.  Owiug  to  the  principle  of  equal 
transmission  of  pressure  ia  all  directions,  the  same  holds 
true  for  lateral  pressure,  the 
effects  of  which  are  some- 
times disastrously  shown  by 
the  giving  way  of  flood-gatea, 
damSj  and  reservoirs. 

(a.)  These  eSects  Of  latent 
pressure  maj  be  safely  illns- 
tiated  bj  a  tall  vessel  provided 
.  witli  u  slop-cofk  near  Its  base, 
and  arranged  Xo  float  upon  tiie 
ter.  When  thiHveflBelia  filled 
O^  with  water,  tlie  lateral  preaBore 


t  t\f.  B 


depth  nni!  opposite  eftch  othet 
Fig.  76,  will  he  equal.     Being  equal  uiA 

opposite  thej  will  oeuiruliSH  each  other  and  prodiiee  no  motion.  U 
w  the  slop  cock  he  opened,  the  pressure  at  that  point  tendiDg  lo 
drive  the  apparatna  in  a  certain,  direction,  saj  toward  tlie  left,  Ih  to- 
moved  ;  the  pressure  at  the  opposite  point  tending  to  drive  th« 
veaael  toward  tlie  rig'ht,  lieiog  no  longer  opposed  by  its  equal,  wUl 
now  produce  motion  and  tlie  vessel  will  float  In  a  direction  oppodte 
to  that  of  the  spouting  water.  Instead  of  being  floated  upon  w^tar, 
tlie  vessel  maj*  be  supported  by  a  long  thri'ad.  The  suwe  prindplH 
is  illuBtrated  in  Burliir'B  Mill,    (Plj-,  91.) 

231.  Rule  fr>r  Tiaternl  ProHsure.— T"')  find  ti^ 
pressure  u/mn  imi/  rprtical  surfripp.  fitiil  th^- wei^^ 
of  an,  iniriiiiMry  calttmn  of  fhp  lirpiifl  irlMsa  'bait 
is  equal  to  the  given  surface  and  tchose  tdtituM 
I  is  the  same  as  the  rlepth  of  the  centre  of  ih»0oai 
^^ke&  ielottt  the  surface  of  th.e  IvqUMU 


B  J.  What  rfU  be  the  pressure  oi 
a  being  iili  feet  long  I 


30  feet  of  v 

wi.  of  water,  thp  dam 


f 


I.  Wha.!  will  be  the  pressure  on  a  dam  ii 
!ng  10  m,  long? 

'  3.  Find  the  pressure  on  one  side  of  a  cistern  5  feet  square  and  13 
feet  high,  filled  with  water. 
'4.  Knd  the  preasure  on  one  side  of  a  cistern  2  m.  square  and  4  m. 
high,  filled  with  water. 

5,  A  cylindrical  vessel  having-  a  base  of  a  sq.  yd.,  is  filled  with 
water  to  the  depth  of  two  yards.     What  pressure  is  exerted  upon 
the  base) 
■  fl.  A  cylindrical  vessel  having  a  Yiase  of  a  ng,  m.  is  filled  with  water 
to  the  depth  of  two  meters.     What  pressure  ia  exerted  upon  the 

What  will  be  the  upward  pressure  upon  a  horizostal  plate  a 
A  square  at  a  depth  of  25  ft.  of  water  ? 

What  will  be  the  npward  pressure  upon  a  horisontal  plate  30 
square  at  the  depth  of  8  m.  of  water  1 

A  square  board  with  a  surface  of  9  square  feet  is  pressed 
■gainst  the  bottom  of  the  vertical  wall  of  a  cistern  in  which  the 
water  is  8i  feet  deep.  ^VhBt  pressure  does  the  water  eiert  upon 
the  board  I 

/  10.  A  cubical  vessel  with  a  capacity  of  17S8  cubic  inolies  is  two- 
thirda  full  of  sulphuric  acid,  which  is  1.8  times  as  heavy  as  water 
Find  the  pressure  on  one  side. 

11.  A  conical  vessel  has  a  base  with  an  area  of  337  nq.  em.  Its 
nltitnde  is  38  tm.  It  is  filled  with  water  to  the  height  of  3(5  em. 
Find  the  pressure  on  the  bottom.  Ann.  8295  g. 

12.  In  the  aliove  problem,  substitute  inches  tor  centimeters,  and 
then  find  the  pre-sHure  on  the  bottom, 

t.  What  would  be  the  total  liquid  pressure  on  a.  prismatic  vessel 
cubic  yard  of  water,  the  bottom  of  the  vessel  being  2 
ISfeetT 

.4.  The  lever  of  a  hydrostatic  press  is  G  feet  long,  tlie  piston-rod 

ig  1  foot  from  the  fulcnira.     The  area  of  the  tulie  la  one-hnlf 

square  inch  ;  that  of  the  cylinder  ia  100  squara  inches.     Find  the 

weight  that  may  be  raised  by  a  power  of  75  lbs 

IS.  WTiat  is  the  pressure  on  the  bottom  of  a  pyramidal   vessel 

with  water,  the  base  \miag  3  by  3  feet,  and  the  height,  5  feet) 

What  is  the  pressure  on  the  liottom  of  a  conicn.1  vessel  4  (e«t 

^e4  iritb  wafer,  tie  Ifflse  being  20  Incheg  in  awfte\e\^ 
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Recapitulation,— In  this  section  we  have  considered 
Incompressibility;  the  Transmission  of  Pres- 
sure with  Explanation  and  Illustration  ;  Pas- 
cal's Law  with  Argument  and  Conclusion 
therefrom;  one  of  Pascal's  Experiments ;  the 
Hydrostatic  Bello^vs;  the  Hydrostatic  Press; 
Do\vnward  Pressure  with  experimental  illastra- 
tioMs;  Rule  for  computing  downward  pressure ;  Up- 
ward Pressure  with  experimental  illustrations; 
Rule  for  computing  upward  pressure;  Lateral 
Pressure  with  experimental  illustrations;  Rule  for 
computing  lateral  pressure. 


•^ 
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EQUILIBRIUM.— CAPILLARITY.— BUOYANCY. 

333.  Conditions  of  Liquid  Rest.— The  force 
of  gravity  tends  to  draw  all  liquid  particles  as  near  the 
earth's  centre  as  possible.  The  following  are  necessary 
conditions,  that  a  liquid  may  be  at  rest : 

(1.)  The  free  surface  of  the  liquid  must  he 
everywhere  perpendicular  to  the  force  of  gravity, 
i.  e,y  horizontal.  In  the  case  of  the  oceau,  this  condition 
is  modified  by  the  so-called  centrifugal  force,  which  gives 
rise  to  the  spheroidal  shape  of  the  earth. 

(2.)  Every  inolecule  must  he  suhjected  to  equal 
and  contrainj  pressures  in  every  direction, 

333.  Equilibrium    of    Liquids. — ^A    liquid   of 
all  surface  area  is  said  to  be  level  when  all  the  points  of 


Fig.  77. 


ita  Eiirfaoe  are  in  the  aame  horizontal  piano.  The  ceifl 
idea  is  expreaaed  in  the 
familiar  saying,  ivater 
seeks  its  Level.  This 
is  true  whether  the 
Jiqnid  be  placed  in  u 
single  vesBel  or  in  sev- 
eral vessels  that  cum- 
mnnicate  with  each 
other. 

234.  Communi- 
cating   Vessels. — 

When  any  liquid  is 
placed  in  one  or  more 
of  several  vessels  communicating  with  each  other,  it  will 
nob  come  to  rest  until  it  stands  at  the  same  hei0ii 
in,  ail  of  the  vessels,  bo  that  all  of  the  free  surfaces  lie 
ill  the  same  horizontal  plane.  This  principle  is  prettily 
illustrated  by  the  apparatus  represented  in  Fig.  77.  It 
consista  of  snch  communicating  vessels  containing  a  liquid. 

(a.)  Tliia  important  principle  l.liat  "water  seeks  ita  leyel"filids  a 
gigantic  illuBtration  ic  tho  sj-stem  of  water-pipea  by  which  water  is 
dlatrihuted  la  (.'itit-E  and  large  Iowds.  Broaght  or  pumped  into  nn 
elevated  reservoir  near  the  city,  the  watpr  flows,  in  oljedience  to  the 
force  of  gravilf,  throogh  all  the  turaa  and  windings  of  all  the  pipPS 
connected  with  the  mservoir,  and  is  tlinn  liroui;lit  into  thousands  iit 
TiuildlngB.  Into  any  of  tlie  rooms  of  any  of  tlii'sp  houses  the  water 
J  thiiH  be  led,  ■prrrridtd  imly  that  the  ends  of  the  pii)es  be  Lelow 
p  lercl  of  thci  wnter  in  the  resprvolr. 

p.)  Among  tliB  many  other  resalfs  nf  (his  tendeni'y  of  watpr  in 

IB  level  may  be  mentioned  the  action  of  springs  and  Artpsian 

ise  of   locks  on  canals,  the  spIrit-Icvel,  the  flow  ol 
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336.  Capillary  Attraction.  —  The  statemeni 
made  concerning  the  equilibrium  of  hquids  are  subject  i 
one  important  modification.  When  the  vertical  sides  c 
the  containing  vessel  are  very  near  each  other,  as  in  th 
case  of  small  tubes^  we  have  a  manifestation  of  what  : 
called  capillary  attraction. 

336.  Capillary  Phenomena.— K  a  clean  glaf 
rod  be  placed  vertically  in  water,  the  water  will  rise  abo^ 
its  level  at  the  sides  of  the  glass.  If  the  rod  be  no 
plunged  into  mercury,  this  liquid  will  be  depressed  instea 
of  raised.  If  the  experiments  be  repeated,  it  may  be  notice 
that  the  water  wets  the  glass  while  the  mercury  does  no 
If  the  glass  be  smeared  with  grease  and  placed  in  wate 
the  surface  of  the  water  will  be  depressed;  if  a  clean  lea 
or  zinc  plate  be  placed  in  the  mercury  the  surface  of  tl 
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mercury  will  be  raised.  In  this  case  the  greased  glass  w 
come  out  dry,  no  water  adhering  to  it,  while  mercury  w 
adhere  to  the  lead  or  zinc.  This  is  found  to  be  invarial 
true:  all  liquids  that  iviU  ivet  the  sides  of  soli 
fjlaced  in  them  will  he  lifted,  while  those  that  < 
not  will  he  pushed  down.    In  the  figure,  a  represei 


(fiam  rod  in  water:  b.  a  glnas  tube  in  water;  iind^ 

gluss  tatje  in  mercury. 


this  so-cailed  attractioD  is  Baid  to  bis  "  capilltiry  "  becanj 
innmeoa  are  best  shown  in  tabea  as  fioe  ae  b  bnirtLutin, 
I).  If  Bne  glass  tubes  bo  placed  in  water,  the  liquid  wUI 
St  the  lube,  aad  have  u  rancave  Bttrface,    It  thpj  be  |jlut«d  in 

ifKaiy,  tile  liquid  will  be  depreaaed,  will  not  wet  the  tulie.  and 
aves   Hurface.     The  Jinrr  the  Ivbe,  Ihi-  greater  tlie 

H^rg  meent  or  depreirian. 

'.  Displacement  of  a  Fluid  by  an  Iiii- 
fliersed  Solid. — ^  solid  immersed  in  a  fluid  will 
^plaee  exactly  its  own  hulk  of  the  fluid.    Tiiia  may 

t*  proved,  if  desirable,  by  plunging  a  heavy  body  of  known 
"ilmne,  aa  a  enbic  centimeter  of  iron,  into  water  contained 
"i  8  glass  vessel  graduated  to  cubic  centimeters.  The 
wter  will  riee  just  aa  if  anotlier  cubic  centimeter  of  water 
m  been  added.  Thus,  the  volume  of  any  irregularly 
•tispeil  body  may  be  found. 

i.    Arcliimedes'    Principle. — The    loss    of 
t  of  a  body  immersed   in.  a  fluid,   equals   the 
'^^SH  of  the  fluid  ivhich  it  displaces. 
^  (*)  U  ifl  a  familiar  fact  that  a  person  may  easily  raiHe  to  tlip  Hur 
"s  of  Ihti  nat«r  a  stone  which  he  cannot  lift  any  further.     Wbrn 
■a  or  leg  is  lifted  out  of  the  water  of  a  bath-tub,  there  is  u 
Wand  very  perceptible  increoan  of  weight  at  thp  surface.     Lut 
■'T  to  And  a  reason  tor  these  familiar  truths.     Imagine  a  cube, 
m  a  side,  immersed  in  water  so       _ 
■*  font  of   its  BUrfaces  are  vertical  and  ila 
T  horizontal   surface    twelve   cj;ntLmctj?rs 
'  the  surface  of  the  water.     The  lateral 
Mnswliicli  the  water  eierts  upon  any  two 

Kle  vertical  surfaces  are  clearly  i*i]uul  and 
te.    They  will  have  no  tendency  to  uiuvi^ 
'lody,     But  the  vertical  pressarea  upon  the 
•  lorigontal   fiurfacos   are  not   eijual.     The 
"  (wse  will  be  pressed  upward  with  a  force      I 
i  by  the  weight  of  [fl  .<  (3  j<  18  =) 
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648  eu.  em.  of  water  (Bee  §  228)  wLile  the  upper  face  will  be  pn 
downward  with  &  force  represented  by  the  weight  of  (6  x  6  1 1 
432  eu.  em.  of  water.  The  resttltant  of  all  these  fcirces,  tlier( 
will  be  a  net  opward  pressure  represented  by  tbe  weiRht  of  (1 
4K=)  216  eu.  em.  of  water.  But  316  eu.  em.  U  the  volume  o 
cube.  Thu  net  apwartf  prei»ure  or  buoyant  ^ort  is  exerted  ag 
the  forte  of  gravity,  and  diminiahca  the  weight  of  the  cube. 

!339.  An    Exi>erimeutal    Demonstratioi 

riiis  principle  of  Archimedes  may  be  experimentalij  ■ 
ded  as  follows :  From  ooe  end  of  a  scale-beam  suspei 


cyliodrical  bncket  of  metal,  S,  and  below  that  a  solid 
inder,  a,  which  accurately  fits  into  the  bucket.  Com 
poise  with  weights  in  the  opposite  scale-pan.  Immer 
in  water  and  the  counterpoise  will  descend,  showing  tt 
has  lost  some  of  its  weight.  Carefully  fill  5  with  w. 
It  will  hold  exactly  the  quantity  displaced  by  a.  Eq 
briam  will  be  restored. 
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(a.)  Insert  a  short  spout  in  the  side  of  a  vessel  (as  a  tin  fruit- can) 
about  an  incli  below  the  top.  FiU  the  vessel  with  wuter  and  li't  all 
above  the  level  of  the  spout  escape.  This  ia  to  replace  the  veHsel 
of  water  in  which  a  (Fig.  80)  is  immersed.  Instead  of  the  Imckcrt, 
^  use  a  cnp  placed  on  the  scale  pan.  Instead  of  //,  use  any  con- 
venientsolid  heavier  than  water,  as  the  fragment  of  a  stune.  (Coun- 
terpoise the  cup  and  stone  in  the  air.  Immerse  the  stone  in  the 
water  and  catch,  in  any  convenient  vessel,  every  drop  of  water  that 
overflows.  This  wilWbe  the  fluid  that  the  solid  du^places.  Tlitj 
equilibrium  is  destroyed,  but  may  be  restored  by  |>ouring  the 
water  just  caught  into  the  cup  on  the  scale-pan. 

240,  Floating^  Bodies. — ^When  solids  of  dillcrcut 
densities  are  thrown  into  a  given  liquid,  those  having  den- 
sities greater  than  that  of  the  liquid 
^  sink,  because  the  force  of  gravity 
overcomes  the  buoyancy  of  the  liquid  ; 
those  having  densities  equal  to  that  of 
the  liquid  will  remain  at  rest  in  any 
position  in  the  liquid,  because  the  op- 
posing forces,  gravity  and  buoyancy, 
^  equal;  those  having  densities  less  fTg.  8r. 

than  that  of  the  liquid  will  float,  because  the  force  of 
gJ^vity  will  draw  them  down  into  the  liquid  until  they 
displace  enough  of  the  liquid  to  render  the  buoviint  cfTect 
^^^lalto  the  weight.  Hence,  a  floating  body  displaces 
^^5  oivn  weight  of  the  fluid.  This  may  be  shown  ex- 
perimentally by  filling  a  vase  with  water.  When  a  ilout- 
^^gbody  is  placed  on  the  surface,  the  water  displaced  will 
overflow  and  may  be  caught.  The  water  thus  caught  will 
^eigh  the  same  as  the  floating  body. 

'^ )  Place  the  tin  vessel  with  a  spout,  montionod  in  the  last 
^%le,  upon  one  scale-pan,  and  fill  it  with  water,  somo  of  which 
J^ll  ov^erflow  through  the  spout.  When  tlie  spout  lias  ceased 
^^Pping,  counterpoise  the  vessel  of  water  with  weights  in  the 
other  scale-pan.    Place  a  floating  hody  on  the  water.     Tb*' 
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destroy  the  equilibrium,  but  water  will  overflow  throngli  the  spoul 
until  the  equilibriom  is  restored.  This  shows  that  the  floating 
body  has  displaced  its  own  weight  of  water. 

Exercises. 

1.  How  much  weight  will  a  eu,  dm,  of  iron  lose  when  placed  in 

water? 

2.  How  much  weight  would  it  lose  in  a  liqtdd  13.6  times  as  heav/ 
as  water  ? 

8.  If  the  eu,  dm.  of  iron  weighs  only  7780  g.^  what  does  your 
answer  to  the  2d  problem  signify  ? 

4.  How  much  weight  would  a  cubic  foot  of  stone  lose  in  water  ? 

5.  If  100  cu.  cm,  of  lead  weigh  1185  g.,  what  will  it  weigh  in 
irater  ? 

6.  If  a  brass  ball  weigh  88.8  ^.  in  air  and  78.8  g.  in  water,  what  is 
.ts  volume  ? 

7.  If  a  brass  ball  weigh  88.8  oz.  in  air  and  78.8  oz.  in  water,  what 
JB  its  volume  ? 

Recapitulation. — In  this  section  we  hare  considerecl 
the  Conditions  of  Liquids  at  Rest ;  the  Equi- 
librium of  liquids  in  Single  and  Communica- 
ting Vessels ;  the  ^Vater  Supply  of  cities ;  the 
Equilibrium  of  Different  Liquids  in  commu- 
nicating vessels ;  Capillary  Attraction  and  some 
of  its  Phenomena  ;  Capillary  Tubes ;  the 
quantity  of  a  Fluid  Displaced  by  an  immersed 
solid;  the  Buoyancy  of  Fluids  ;  Archimedes^ 
Principle  ;  several  Explanations  of  Archimedes' 
Principle  and  its  Experimental  Verification 
Floating  Bodies. 
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SPECIFIC    GRAVITY. 

841.  What  Is  Specific  Gravity  'i—The  speoifie 
gravity  of  a  body  is  the  ratio  between  its  weight 
nihd  the  weight  of  a  like  volume  of  some  other 
siibstance  taken  as  a  standard. 

343.    Standard    of    Specific    Gravity.— Tlio 

Btandard  taken  inttst  be  invariable,  For  solidii  uad  liquids, 
the  standard  adopted  is  distiUed  water  at  a  tern- 
peratui-e  of  4"  C-'  or  39.^°  F.  For  aeriform  bodiea,  the 
Btaiidaid  ia  air  or  hydrogen. 

(a.)  The  water  is  to  be  diBtiUed,  or  freed  from  all  foreign  sah- 
■(ances,  because  the  weight  of  a  given  quantity  of  water  varies  with 
tl)e  suhetoncee  held  in  solution.  It  is  to  he  at  a  fixed  temperature 
because  of  tlie  expansion  bj  heat.  The  temperature  above 
tioned  Is  that  of  water  ot  its  great^t  density.  In  cases  where 
hydrogen  ia  taken  as  a  Btandard,  the  additional  condition  of  atmos- 
pheric pressure  must,  for  obvious  reasons,  be  reaignized.  The 
sure  to  whicli  all  ohsorvatioDS  in  this  (Xiuntry  are  reduced  is 
recorded  bj;  30  inches  (760  mm.)  of  the  barometer. 

243.  Elements  of  the  Problem.— /"o/-  solids 
liquids,  the  dividend  is  the  weight  of  the  given 
the  divisor  is  the  weight  of  the  same  balk 
water;  the  quotient,  which  ia  an  abstract  number,  ia 
the  spocific  gravity,  and  siguiflea  that  the  given  body  ia  so 
many  times  heavier  than  the  standard.  Tlie  weight  of  the 
same  bulk  of  water  is  found  sometimes  in  one  way  and 
Homi^tiiiies  iti  another,  hut  in  ereri/  ras&  it  is  the  divisor. 
Dy  grasping  and  keeping  this  idea,  jun  will  avoid  niach 
|H)SBible  confusion.  Of  course,  when  any  two  of  these 
three  are  given,  the  third  can  be  found. 
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244.  To  Find  the  Specific  Gravity  of  SoUda. 

— The  most  common  method  of  finding  the  specific  grav- 
ity of  a  solid  heavier  than  water,  is  to  find  the  weight  ol 
the  body  in  the  air  (=  W),  then  suspend  the  body  by  a 
light  thread  and  find  its  weight  in  water  (=  W),  and 
divide  the  weight  of  the  body  in  air  by  the  weight  of  the 
same  bulk  of  water  (§  238,  Archimedes'  Principle), 

W 
SpMr.=  ^_  ^,. 

(a.)  The  method  is  illustrated  by  the  following  example  . 

Weight  of  substance  in  air  =  58J  oz. 

Weight  of  substance  in  water  =  51  oz. 
Weight  of  equal  bulk  of  water  =  7^  oz. 
Specific  gravity  =  58^  oz.  -h  7J  oz.  =  7.8,  AnA 


V\C,    ^'2. 


24,T;.  To  Find  llio  Si)e<*ific  Gravity  of  Solids 
Lighter  than  Water.— If  the  given  body  be  lighter 
^Jjdu  water,  fasten  to  it  some  body  heavy  enough  to  rink 


I  Find  the  Ibse  in  weight  of  tlie  combinetl  mass  whun 
lied  iu  water.  Do  tlie  same  for  the  ht'uvy  liody. 
Subtract  tlie  ivss  of  the  heavy  body  fi'om  thu  loss  of  the 
combined  body.  Divide  the  weiglit  of  the  given  body  by 
thia  difference.  (Show  that  this  divisor  is  aB  indicated  in 
§  24^.)  A  modification  of  this  method  is  to  balance  the 
sinlicr  ia  water.  Then  attach  to  it  the  light  substance  in 
queBtion,  f,  g.,  a  cork,  and  determine  the  baoyant  effort  of  tlia  j 
cork,  i.  e.,  the  weight  of  its  bulk  of  water.     Divide  as  before. 

(a.)  Tbe  first  metliotl  Is  illusl.roted  by  tlie  following  example: 

■  (1.)  Weight  of  cork  and  iron  in  air  83.4  f. 
(3.)  *•  "  «  ■'  "  water 53,4g. 
Qi.)  "  "  water  displaced  by  cork  &nd  iron...  .'M.  g. 
(4>         "     '■  iron  ia  iur. 77.8  g,  ^J 

(5.)         "     "      '•      water. SlAg^^^M 

(8.)  "  water  displaced  by  iron 10.>  ff*^^^^! 

(7-)         cotk  (8)  -  (6). . .  .20.  g  ^^H 

»m          ••      "  cork  In  air (1)-C*)--   ■  4-Sg.^^l 
(9.1  Bvccific  irravitT  of  the  cork IBI  *  (71 .2B  ' 


(9.)  Specific  gravity  of  the  cork tS)  -f-  (7). . . . 

(10.)  iron. (4)-!-(6).... 


246.  To  Find  the  Specific  Gra^-lty  of 
liiquidi^. — The  principle  ia  unchanged.  A  simple 
method  is  ae  follows:  Weigh  a  flaak  first  emjity  ;  next, 
full  of  water ;  then,  full  of  the  given  liquid.  Subtmct  the 
weight  of  the  empty  Ilnsk  from  the  other  two  weights; 
the  reaultfl  roprcaent  the  weights  of  er[nal  volumes  of  the 
given  substance  and  of  the  standard.  Divide  ;ib  before. 
A  flask  of  known  weight,  graduated  to  measure  10(1  or 
grams  or  grains  of  water  ia  called  a  xpecific  gravi/y 
lis  nae  avoids  the  first  and  Hccond  weighings  ahova 
leil,  and  ainipHfies  the  ivork  nf  iHviBinn. 

Anotliiif  8iniiile  Mcllioit.— Thi.  spKcific-  gravity  of 
be  (josilj  (loteniiiiied  aa  follows :    Find  tbe  li 
(Hf  iaeoliible  aolU]  in  water  and  \n  ftie  gi.\eiv 


^■bef 
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■Rom  g  338,  determine  wiat  these  two  Iobbph  repreoent,    Kv!iIb  b> 
before.     The  solid  used  U  called  a  trpedjic  grnviti/  huib. 

Other  metkodH  ure  sometimL's  used,  but  as  thej  depend  upon  ths 
principleB  alreftdy  expliiinHd,  they  need  not  be  set  forth  here. 
Some  of  theni  will  be  iUiiBtriited  lu  the  problems. 

348.  To  Fiucl  the  Specific  Gravity  of  Gases. 

^The  apeciBc  gi'avity  of  an  aeriform  body  ia  always  found 

by  compariDg  the  weight  of  equal  volumes  of  the  staodard 

(air  or  hydi'ogcn)  and  of  the  givcu  substance.    The  method 

is  strictly  analogous  to  the  one  first  given  for  liquids.    The 

I  airia  removed  from  tho  flask  with  mi  air-pnmii — au  in- 

strumeut  to  be  studied  soon.    The  accurate  detcrmiDatioii 

of  the  spGcifie  gravity  of  gases  presents  many  practical  dif- 

Scultiea  which  cannot  be  considered  in  this  place. 

Note. — The  weight  of  any  solid  or  liquid  (In  grsms  per  eit.  «a.) 

I   lepresents  its  speciGc  gravity.     Bodies  are  conunonlj  weighed  in 

[  the  nir.     But,  in  common  with  all  other  fluid  bodies,  the  air  Ao* 

weight  and  tJiertfori-  (%  3381  dimiiiia/iei  the  true  imght  of  all  bodies 

thoB  weighed.     This  diminution  is  generall7  disregarded,  bat  In 

certain  delicate  operations  it  must  be  uarefully  considered. 

349.  Hydi'oinetcrs. — lustmmenta,  called  hydrom- 
eters or  areometers,  are  made  for  the  more  eonveuient  de. 
termination  of  apeciflc  gravity.  They  dispense  with  the 
use  of  the  balance,  an  instrnnient  requiring  careful  liand' 
ling  and  preservation.  Hydrometers  are  of  two  kinds : 
(1.)  Sydrometers  of  ciinstant  volume,  as  Nicholson's. 
(3.)  Hydrometers  of  constant  weight,  as  Beaume'a, 

350.  Kicholson's  Hydrometer.—  Nicholeon'i 
hydrometer  is  a  hollow  cylinder  carrying  at  its  lower  end 

-  a  basket  (?,  heiivy  enough  to  keep  the  appanitns  upright 
I  when  floated  on  wat^r.  At  the  top  of  tho  cylimler  ia  s 
I  vertical  rod  Ciirrying  a  pan  a,  for  holding  weight*,  etc. 
I  The  whole  apparatns  must  be  lighter  than  wat^er,  ao  that  a 
ain  weight  (=  W,)  must  he  put  into  the  i«m  toBinll 


Fio.  83. 
tlie  apparatna  to  a  fixed  point  mai'ked  on  the  rod  (as  c). 
The  given  body,  which  must  weigh  less  than  W,  is  placed 
m  the  pan,  and  eoongh  weights  (=  iv)  added  to  sink  the 
point  c  to  the  water  line.  It  is  evident  that  tlie  weight  of 
the  given  body  ia  W~te.  It  is  now  taken  from  the  pan 
and  placed  in  the  hjisket,  when  additional  weights  {=  x) 

rt  be  added  to  sink  the  point  c  to  the  water  line. 

»5I.  Fahrenhtjit's  Hy- 
drometer.— ^Fahrenheit's  Hy- 
drometer ia  similar  in  form  to 
Nicholson's,  but  ia  made  of  glass 
instead  of  metal,  so  that  it  may 
be  used  in  any  liqnid.  The  bas- 
ket, is  replacefl  by  a  bulb  loaded 
with  Hhot  or  merenry.  The 
weight  of  the  instrument  {:=W) 
is  aocnrately  determined.    The 
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and  a  weight  (=  w),  sufficient  to  sink  the  point  c  to  ths 
water  line,  is  placed  in  the  pan.  Tlie  weight  of  water  die- 
placed  by  the  instrument  =  H''  +  jo.  The  hydrometer  ia 
now  removed,  wiped  dry,  and  placed  in  the  given  liqoid. 
A  weight  (—  ^),  sufficient  to  sink  the  hydrometer  to  c,  ia 
placed  in  the  pan. 


Sp.  Gr.  = 


(Why?) 


Nate. — A  NicliolaoD'a  Ljdrometer  nmj  be  used  as  a  Fahrenliett's 
in  an;  liquid  which  lias  no  chemical  action  upon  the  metal  of  whith 
it  is  made.  Neither  of  these  hydrometers  gives  results  as  accurals 
BS  those  obtained  by  the  methods  previouslj  given. 

353.    Constant    Weight     HydronieterB.~A 

hydrometer  of  constant  weight  consists  of  a  glass  tnbeneai 
the  bottom  of  which  are  two  bulbs.  The  lower  and  smallei 
bulb  is  loaded  with  mercury  or  flbot. 
The  tube  and  upper  bulb  containing  air, 
the  instrument  is  lighter  than  water. 
The  point  to  which  it  sinks  when  placed 
in  pure  water  is  generally  marked  zero. 
The  tube  is  graduated  above  and  below 
zero,  the  graduation  being  sometimes 
upon  a  piece  of  paper  placed  within  the 
tu!)e.  As  a  long  stem  would  be  incon- 
Tenient,  it  is  customary  to  have  two  in- 
Btrumenta,  one  having  zero  near  the 
top,  for  li([uid3  heavier  than  water;  the 
other  having  zero  iieiir  the  bulb,  f(ir 
liquids  liiihtiT  tbnn  water.  'I'lio  srale  nf  gi-aduafion  is  arbi- 
trary, varying  with  the  purpose  for  which  the  instrument  ia 
intended.  These  instruments  are  more  frequently  used  to 
determine  the  degree  of  conceatiabiou  oi  4\\Mten"(XQt  OQrtain 
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liquids,  as  acids,  alcohols,  milk,  solutions  of  sugar,  etc^ 
than  their  specific  gravities  proper.  According  to  their 
uses  they  are  known  as  acidometers,  alcoholometers,  lac- 
tometers, saccharometers,  etc.  They  all  depend  upon  ibc 
principle  that  a  floating  body  will  displace  its  own  weight 
of  the  liquid  upon  which  it  floats,  and,  consequently,  a 
greater  volume  of  light  than  of  heavy  liquids. 

253,  Tables  of  Reference.— (1.)  Specific  gravities 
of  some  solids : 

Brass 8.88 

Iron  (bar) 7.78 

Tin  (cast) 7.29 

Iron  (cast) 7.21 

Zinc  (cast) 6.86 

Flint  Glass 3.83 


Iridium 23.00 

Platinum 22.069 

Gold  (forged)...  19.36 

Lead  (cast) 11.36 

Silver  (cast).... 10.47 
CJopper  (cast). . .  8.79 


Marble  (statuary). 2. 83 
Anthracite  Coal.  .1.80 
Bituminous  Coal .  1 .25 

Ice  (melting) 92 

Pine 65 

Cork 24 


(2.)  Specific  gi'avities  of  some  liquids: 


Mercury 13.6 

6uli>liuric  Acid..  1.84 
Hydrochloric  Acid  1.24 


Nitric  Acid 1.22 

Milk 1.03 

Sea  Water 1.026 


Turpentine 87 

Alcohol 8 

Ether 72 


(3.)  Specific  gravities  of  some  gases :    (Barometer  =  760 
mm.;  Temperature  =  32T.  or  0°C.) 


Am  =  Stakdabd. 

Hydroiodic  Acid 4,41 

Carbon  Dioxide 1.52 

Oxygen 1.1 

Air 1.0 

Nitrogen 97 

Hydrogen 069 


Hydrogen  =  Standard. 

Hydroiodic  Acid 64 

Carbon  Dioxide .  .   22 

Oxygen 16 

Air 14.5 

Nitrogen . .    . .  14 

Hydrogen 1 


Kote. — The  weight  of  a  cubic  foot  of  any  solid  or  liquid  is  equal 
to  62.421  Ills,  avoirdupois  multiplied  by  its  specific  gravity. 

The  weight  of  a  cubic  centimeter  of  any  solid  or  liquid  is  equal 
to  1  gram  multiplied  by  its  specific  gravity. 

The  weight  of  a  liter  (or  cu.  dm)  of  any  solid  or  liquid  is  equal 
to  1  Kg,  multiplied  by  its  specific  gravity. 

The  tables  above  give  only  average  densities.  Any  given  spec> 
men  may  vaij  from  the  Sgurea  there  given. 
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Exercises. 

Note, — Be  on  the  alert  to  recognize  Archimedes'  Principle  in 
disguise.    Ck)nsider  the  weight  of  water  62^  lbs.  per  cubic  foot. 

The  numbers  obtained  for  the  right  hand  coltmin  may  be  eithei 
'qIus  or  minus  ;  the  former  sign  denotes  weight  in  the  fluid ;  the 
/atter,  the  load  it  could  support  in  the  fluid. 


No. 

Weight 
in  Air. 

Weight 
in  Water. 

Loss  of 

Weight  in 

Water. 

Spec. 
Qrav. 

Volame. 

Ant  Fluid. 

Sp.  Or.  of 

Weight  in 

1 

1500  IbR. 

1000  lbs. 

? 

? 

?  cuft. 

1.5 

? 

2 

5000  oz. 

? 

1500  oz. 

? 

? 

? 

3000  oz. 

8 

1875  g. 

3 

? 

1.8 

9 

• 

4 

9375  g. 

? 

? 

1.5 

4B87.6g. 

5 

? 

7.6 

800  ca.  cm. 

%& 

? 

6 

1125  lbs. 

? 

? 

8 

87SIbB. 

7 

? 

? 

'  8  en.  ft* 

18.6 

9700  lbs. 

8 

? 

6.86 

5  CQ.  dm. 

18.6 

? 

9 

IKg. 

? 

1 

? 

? 

300  g. 

:o 

? 

3.83 

10  cu.  ft. 

.8 

? 

11.  A  bone  weighs  2.6  ounces  in  water  and  6.6  ounces  In  air; 
what  is  its  specific  gravity  ? 

12.  A  body  weighing  453  g.  weighs  in  water  429.6  g.;  what  is  its 
specific  gravity  ? 

13.  A  piece  of  metal  weighing  52.35  g.  is  placed  in  a  cup  filled 
with  water.  The  overflowing  water  weighed  5  g.  What  was  the 
specific  gravity  of  the  metal  ? 

14.  (a.)  A  solid  weighing  695  g.  loses  in  water  83  g.;  what  is  its 
specific  gravity  ;  (&)  how  much  would  it  weigh  in  alcohol  of  specific 
gravity  0.793? 

15.  A  1000  grain  bottle  will  hold  708  grains  of  benzoline.  Find 
the  specific  gravity  of  the  benzoline. 

16.  A  solid  which  weighs  2.4554  oz.  in  air,  weighs  only  2.0778  o». 
in  water.    Find  its  specific  gravity. 

17.  A  specimen  of  gold  which  weighs  4.6764  g.  in  air  loses  0.3447 
g.  weight  when  weighed  in  water.     Find  its  specific  gravity. 

18.  A  ball  weighing  970  grs.,  weighs  in  water  895  grs.,  in  alcohol 
910  grs. ;  find  the  specific  gravity  of  the  alcohol. 

19.  A  body  loses  25  grs.  in  water,  23  grs.  in  oil,  and  19  grs.  in 
alcoboL     Required  the  specific  gravity  of  the  oil  and  the  alcohol. 


10.  A  body  weighing  1538  g.  weighs  in  water  IS83  g.;  what  la  III 
icific  grnrity  r 
,   Cnlculote  the  specific  gravity  o(  aea.  water  rroni  the  foliowins 

Weight  of  bottle  (Unpty, 8.580S  g. 

"      filled  with  distilled  water.. . .  7.ti732  g. 
eea  "...  7.7841)  g. 

.  Determine  the  specific  gravity  of  a  piece  of  wood  from  ths 
iwing  data:  Weight  of  wood  in  air.  4  g.;  weight  of  Mnker, 
.;  weight  of  wood  and  sinker  under  water  S.5  g.;  Bpeciflo 
ity  of  sinker,  10.5. 

I.  A  piece  of  a  certain  metal  weighs  3.7395  g.  id  air ;  1,5780  g. 
In  wnter ;  8.S8D6  g.  in  another  liquid.  Cnlculale  the  specific  gruv> 
ities  at  the  metal  and  of  the  unknown  liquid. 

S4.  Find  the  gpeclflc  gravity  of  a  piece  of  glass  if  a  fragment  of 
It  weigh  3160  grains  in  air,  and  ISllJ  gruns  in  water. 

25.  A  lamp  of  ice  weighing  8  lbs.  is  fastened  to  16  lbs.  of  lead. 
In  water  the  lead  alone  weighs  14.0  Ilia,  while  the  lead  and  ice  weigh 
13.713  Iha.     Find  the  speciSc  gravity  of  the  ice. 

38.  A  piece  of  lead  weighing  600  g.,  weighs  545  g.  in  water  and 
567  g.  in  alcohol,  (n.)  Find  the  sp.  gr.  of  the  lead  ;  {b}  of  the 
alcnhol.    (f.)  Find  the  bulk  of  the  lead. 

27.  A  person  can  just  lift  a  306  pound  stone  in  the  water ;  what 
is  his  lifting  capacity  in  the  air  (apeciflc  gravity  of  stone  =  2.5)T 

In  the  next  three  examples,  the  weight  of  the  empty  Qask  is  not 
taken  into  account. 

28.  A  liter  flask  holds  870  g.  of  turpentine  ;  required  the  sp.  gr. 
of  the  turpentine, 

39.  A  liter  flaak,  containing  675  g.  of  wat<"r.  on  having  ila  remain- 
d  with  fragments  of  a  niincnil,  was  found  to  weigh 

^S  g.;  required  the  specific  gravitj-  of  the  mineral. 
I.  A  liter  dssk  was  four-fifths  filled  with  wut«r  ;  the  remaining 
e  b^ng  filled  with  sand  the  weight  was  found  to  i>e  1350  g.; 

d  the  specific  gravity  of  the  sand. 
.  Aweightof  1000  gre.  will  sinkacertain  Nicholson's  hydtom- 
to  a  mark  on  the  rod  carrying  a  pan,  A  piece  of  brass  phis  40 
gT8.  will  sink  it  to  the  same  raarli.  When  the  brass  is  Ijken  from 
the  pan  and  placed  in  the  basket,  it  requires  1(10  grs.  in  the  pan  to 
sink  the  hydrometer  to  the  same  mark  on  the  rod.  Find  the  spccifle 
gravity  of  the  brass. 

33.  A  Fahrenheit's  hydrometer,  which  weighs  3000  gra.,  requires 
1000  gra.  in  the  pan  to  sink  it  to  a  certain  depth  in  water.  It  requires 
S400  grs.  in  the  pan  to  sink  it  lu  the  same  depth  in  solphnilc  acid. 
Elndthespeciflogravilj-of  tlieacid 
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33.  A  certain  body  weighs  just  10  g.  It  is  placed  in  one  of  ih( 
scale-pans  of  a  balance  together  with  a  flask  full  of  pure  water. 
The  given  body  and  the  filled  flask  are  counterpoised  with  shot  in 
the  oth(^r  scale-pan.  The  flask  is  removed,  and  tlic  given  body 
placed  therein,  thus  dis])lacing  some  of  the  water.  The  flask  being 
still  quite  full  is  carefully  wiped  and  returned  to  the  scale-pan, 
when  it  is  found  that  thero  is  not  equilibrium.  To  restore  the 
Bquilibrium,  it  is  r.ccessary  to  place  2.5  g.  with  the  flask.  Find  the 
specific  gravity  of  the  given  body. 

34.  The  volume  of  the  earth  is  1,082,842,000,000,000  cu.  Km. 
Calculate  its  weight  on  the  supposition  that  its  average  density  is 
5.6604. 

35.  A  bottle  holds  2545  mg.  of  alcohol  (sp.  gr.  =  0.8095) ;  42740 
mg.  of  mercury  ;  5829  mg.  of  sulphuric  acid.  Calculate  the  specilic 
gravities  of  the  mercury  and  of  the  acid. 

86.  A  piece  of  cork  weighing  2.3  g.  was  attached  to  a  piece  of 
iron  weighing  38.9  g.,  both  were  found  to  weigh  in  water  26.2  g.,  the 
iron  alone  weighing  33  9  g.  in  water.  Required  the  specific  gravity 
of  the  cork. 

37.  A  piece  of  wood  weighing  300  grs.  has  tied  to  it  a  piece  of 
Jead  weighing  600  gi-s.;  weighed  together  in  water  they  weigh  472.5 
^rs.  The  specific  gravity  of  lead  being  11.35,  (a)  what  does  the  lead 
rreigh  in  water  ;  (b)  what  is  the  specific  gravity  of  the  wood  ? 

38.  Calculate  the  specific  gravity  of  a  mineral  water  from  the 
following  data : 

Weight  of  a  bottle  empty 14.1256  g. 

filled  with  distilled  water.  .111.1370  g. 
mineral       "    ..111.  7050  g. 


€t  tt 

€4  tt  tt  tt 


39.  A  Fahrenheit's  hydrometer  weighs  618  grs.  It  requires  93  grs, 
in  the  pan  to  sink  it  to  a  certain  mark  on  the  stem.  When  wiped 
dry  and  placed  in  olive  oil  it  requires  only  31  grs.  to  sink  it  to  the 
same  mark.     Find  the  specific  gravity  of  the  oil. 

40.  A  platinum  ball  weighs  330  g.  in  air,  315  g.  in  water  and  308  g. 
in  sulphuric  acid.  Find  the  specific  gravities  (a)  of  the  ball ;  (^)of 
the  acid,     (r.)  What  is  the  volume  of  the  ball  ? 

41.  A  hollow  ball  of  iron  weighs  1  Kg.  What  must  be  its  least 
volume  to  float  on  water? 

42.  A  piece  of  cork  weighing  30  g.  in  air,  was  attached  to  10  cu. 
cm.  of  lead.    Loss  of  both  in  water  =  159  g.     Required  the  specific 

gravity  of  the  cork. 
4:i.  A  body  whose  specific  gravity  =  2.^,  ^evgli-a^l  ^.  "^^wjivN^ 
/^  weight  in  water. 


44.  What  would  a  cubic  foot  of  coal  (ep.  gr.  ~  2.4)  weigh  In  k 
Bolution  of  potaali  (ap.  gr.  =  1.3)  ? 

45.  A   platmum  bull   (isp.  gr.  =  23)  weigWng  800  g.  In  dr  will 
weigh  liow  luuuli  in  meronry  'sp.  gr.  =  13.0)  t 

40.  5IHI  cu.  cm.  of  iron,  Biieciflc  gravity  7.8,  floats  on  mepniry ; 
with  what  force  is  it  l)UoyMi  up  t 

i47.  An  areometer  wi-lghing  600  gre.  rinke  In  water  diaplncing  a 
Inme  =  v;  in  a  i^i-rtuin  Hcid,  displacing  a  Tolmne  =  ^^  ■(!■,  Gnd 
^  specific  gmvilji-  of  tho  acid. 
Jiecapitulatioii. — In  this  section  we  iave  considered 
le  Definition  of  Specific  Gravity  ;  the  Stan- 
erds  agreed  upon ;  the  Two  Elements  in  eijecitio 
gravity  problems:  the  Rule  for  finding  the  sp.gr.  of 
Solids  heavier  than  Water  ;  the  same  for  Solids 

IghteF  than  Water;  the  same  for  Liquids  ;  the 
■DC  for  Gases ;  the  eonstraction  and  methods  of 
fing  Hydrometers ;  Tables  of  sijecifio  giavitiet, 
tf  some  of  the  uses  that  may  he  made  of  them. 


j^ 
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_  154.    Velocity   of    Spouting    Liquids.— If  % 

vessel  having  apertures  ir,  the  side,  similar  to  the  one 
represented  in  Fig.  80,  he  filled  with  water,  the  liquid  will 
eecape  from  each  of  the  apertures,  but  with  different  veloc- 
Were  it  not  for  the  resistance  of  the  air,  fi-ietion, 
the  effect  of  the  falling  particles,  the  water  issuing  at 
'oald  ascend  to  the  level  of  the  water  in  Wft  ■sft%ws\\ 

iDitial  velocity  of  the  water  tit  V  wowlA  cktc-j  \\ 
^^B^Ftical  disUace  V]t.    But  w^isa  etoui^e^v 


I 


oal  distances  are  passed  over,  the  initial  yelocity  of  an  aflcew*' 
Ing  body  ia  the  same  as  the  final  velocity  of  a  falling  body, 
(g  132.)  Ilcncc,  the  velocity  of  the  water  as  it  iasuoB  at  F  i» 
the  same  that  it  would  acquire  in  freely  falling  the  vertical 
distance  h  V.  This  velocity  is  caused  by  lateral  pressum 
This  lateral  pressure  will  be  tbo  same  at  P,  which  is  at  the 
same  distance  below  the  level  of  the  liquid.  Therefore,  the 
velocity  at  P  will  equal  the  velocity  at  V.  Hence  the  fol- 
lowing law:  Tfie  velocity  of  a  stream,  fioiving  from 
an  orifice  is  the  same  as  that  acquired  hy  a  bodg 
freely  falling  from  c-  heii^ht  equal  to  the  head  of 
the  liquid. 

(n.)  The  liead  Is  the  vertical  diatanco  from   the   CBotre  at  iVe 
orifice  to  the  sErface  of  the  liquid. 

(6.1  With  what  vi>Iooity  will  water  issue  from  an  onflc«  144,72  ('. 
Ijelnwthe  surface  at  the  liquid  1 

f  =  lgt'  (SI38[3J.) 


I 


(«.)  In  the  ooluyon  above  we  were  obliged  to  find  the  niunljor  o( 
BPi'onds  that  woald  be  reqmred  for  a  body  to  fall  a  diatance  i=qiittl 
to  the  head,  before  we  uould  uae  the  formula  for  the  velocity.  It  la 
desirable,  if  iwBsiblo,  to  shorten  this  drcuitous  prcjuesa  (rom  Iwo 
-itiiges  to  one.     This  we  may  do  ua  follows  : 


I 
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-^7 

Bubstitntiiig  this  valae  of  ( in  the  formula,  11  =  gt. 


Bat  li  (the  bead)  -  B.  Subatitnting  this  valne  of  S  In  the  last 
wination,  we  ba^e,  for  the  velocity  of  BtieaniB  iaaulng  from  orifices, 
the  following  formula  : 

The  valno  of  g  bdng  taken  in  fuet,  ft  und  0  must  represent  feet 

id.)  With  what  velocity  will  water  issue  from  an  orifice  under  a 
b«ador  144.73  feet  t 
o  =  8,03  V^ 
V  =  8.03  ^1408  =  8.0a  X 13-03  =  00.48,  the  number  of  feat 

255,  Orifice  of  Greatest  Rauge.— The  path  of 
a  atream  gpoutiugia  auy  other  than  a  vertical  direetaon  is 
the  curve  called  a  parabola  (§  135).  The  range  of  such  a 
etream  will  be  the  greatest  when  it  issues  from  an  orificQ 
midwa}'  betwfeu  the  surface  of  the  liquid  anil  the  level  of 
the  place  whei-e  the  stream  strikes.  Streams  flowing  from 
orifices  etinidistaiit  above  and  below  tliia  orifice  of  greatest 
range  will  have  equal  ranges  (See  Fig.  86.)  The  range, 
in  any  such  ease,  may  he  calculatGd  jjy  the  laws  of  pro 
jectilea. 

{a.)  Given  nn  apurtura  f'lur  feet  below  the  surface  and  20  ft, 
■bore  the  print  where  the  watt-r  strikes,  to  find  the  rangn  of  the 

e  -  8.02  \/h  =  8.03  X  3  =  16.04  ft.  per  second. 
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3i>6.  Volume  Discharged  under  n  Constant 
Head. — To  p.nd  the  volu.mie  dlschnrgeil  in  a  gii^en 
time  under  it  constant  head,  iiiir!li/ih/  llif.  area  of 
ihpi  orifice  hij  lite  velocity,  and  thi,f  product  by  the 
ntimber  of  seconds. 

a.)  Suppose  tlint  ns  Boon  as  the  watpr  eBcapes  it  frpPMS  and  re- 
(aina  tLe  form  and  siiSB  given  it  by  the  aperture.  It  will  then  be 
evident  that  the  wnter  escaping  in  one  Bt«ond  will  form  a  priam 
whose  section  will  lie  the  area  of  the  oriflco  and  whose  length  will  be 
mneBa  the  velocity  of  the  jet.  Theproduct  of  these  dimensiooi 
will  give  the  volume  of  the  imaginary  prism,  oneot  which  is  formed 
every  second.  Care  must  be  had  that  the  velocity  and  the  dimen- 
sions of  the  orifice  are  of  the  Barae  denomination.  The  theorrtieal 
result  computed  ss  above  directed,  will  exceed  the  amount  sctnall; 
diacharged.    Why  ?    (See  Appendix  E.) 

237.  The  Flow  of  Liquids  through  Hori- 
zontal Piiies*. — Wlieo  liquids  from  a  reservoir  are 
made  to  fiuw  through  pipea  of  eonaidexable  length,  the 
discharge  is  far  less  than  that  due  to  the  head. 
This  is  chiefly  owing  to  the  friction  of  the  liquid  particles 
against  the  sides  of  the  pipe.  A  horizontal  inch-pipe  200 
feet  long  will  not  discharge  mach,  if  any,  more  than  a 
qnarter  aa  much  water  aa  a  very  ehort  pi^w  of  the  same 
size,  the  head  teing  the  same.  Frcqut-nt  and  abrupt 
bends  in  the  pipe  retard  the  flow,  and  must  be  provided  for 
by  aa  increase  in  the  size  of  the  pipe,  or  an  increase  of 
preaaiire, 

358.  The   Flow   of  Rivera.— The  friction  of  a 

stream  against  ita  solid  bed  fortunately  retards  the  Telocity 
of  the  water.  Otherwise  tlie  velocity  of  the  current  at 
the  month  of  a  river,  whoao  head  ia  elevated  1000  feet 
above  its  mouth,  woulil  be  about  170  miles  per  hour. 
I  ^oeA  a  carrent  woold  be  disaatrou*  be^oivd  deacriptJon 


c 


359.  The  Flow  of 
liiqiiidM  tlirough  Verti- 
cal Pipes.— Liquids  flowiDg 
freely  through  -vertical  pipea 
exert  rto  lateral  pressure. 
Tbe  liquid  will  not  wholly 
fill  the  tube,  but  will  be  sur- 
rounded by  a  thill  film  of  air. 
These  air  particles  will  be 
dragged  down  by  the  iidhe- 

in  of  the  falling  liquid. 


laU  tube  t  beinRerted 
the  top  of  the  vertical  j  if  a 
IT    will     l)P     (  r 


through  it  and  down  thp  j  p 

This   ftip   current  maj   In    ui  }  ? 

for  blow -pi  pB  and  ofber  pijr|    " 

With  a   long  distharge  pipe   flic 

force  with  which  thp  air  la  drawn 

through  (  may  be  used  1c)  rem  ye  Fig  8 

^he  air  from  a  i  CBaeL  li      The  ap 

then  becomes  d  Bprengel's  or  Bunsen's  air-pump.  ^§§200, 201| 


i: 


360.  Water- Power.— Water  niiiy  be  used  to  turn  a 
wheel  and  thus  move  machinery  by  its  weight,  the  force 
of  the  cnrrent.  or  both.  The  wheels  thus  turned  are  of 
different  kinds;  the  availability  of  auy  oqo  being  deter- 
mined by  the  nature  of  the  water  sujiply  and  tbc  work  to 
be  done. 

(il.)  The  water'Bupply  depeuilH  upon  mins  ;  raitia  depi'nd  u]>on 
uvaporation  t  eraporation.  ia  produced  by  eolar  heat.  The  energy  of 
tf9tet-poYrefis  tbus  traced  to  the  aua  aa  its  BOiuce. 
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361    The    Overshot    Wheel— In    the  oTer^ol 

I  wheel  the  water  bill  into  Imckets  at  the  top  and,  by  its 
i^ht  atdLil  by 
force  of  thii 
itut  turns  the 
'  uhecl  As  thu 
huLkets  are  grad- 
ualljiuvertedjthe 
^  ?"  water  la  emptied 
.^  and  the  load  tliua 
removed  irora  the 
other  side  of  the 
wheel  Such 
wheels  require 
only  little  water  but »  cunBiderable  fait.  It  is  said  that  they 
have  been  made  nearly  100  feet  in  diameter.  The  water 
is  led  to  the  top  of  the  wheel  by  a  sluice,  v  s. 

263.  The  Breast  Wheel.— In  the  breast  wheel, 
the  water  acts  upon  float  boards  fixed  iierpendicular  to  the 
circumference.  The  sti-eam  being  received  at  or  near  the 
level  of  the  axis,  both  the  weight 
of  the  wjiter  and  the  force  of 
the  current  m 
bo  turned  to 
accoimt. 


The   Uiidersshot   Wheel.— In   the  nndw- 
wbeeif  the  eUfi&m  strikes,  neai  t^i£  \wWwov 
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Pinst  a  few  float  boiirds.  which  are  more  or  less 
fcl  a  tf  ail  lime  rged, 

""  aud  thus   acts 

_^     _   _  by  the  force  of 

^7i-^^^T^Z:!!C_l_,  the  current. 

NoU.—\n  point 
ifpfBi'ieiicj.theBB 
wlieclBraDkintlie 
o  rder  above  given , 
utillziDg  from  80 
to  26  per  ceaL  of 


Fig.  go, 
the  total  energj  («.  g.,  foatpouiidB)  of  the  etream. 


^264.    The    Keac- 
011    Wheel. —  The 

reaction  wheel  ia  well 
iUoHtrated  by  Barker's 
Mill,  represented  in  Fig, 
91.  It  conBists  essential- 
ly of  a  vertical  tube  con- 
necting with  horizontal 
tubular  arms  at  the  bot- 
tom. The  ends  of  these 
arniH  are  bent  in  the 
same  direction,  and  are 
open  at  their  ends.  The 
apparatus  is  enpported 
on  a  pivot  ao  as  to  move 
freely.  Water  ia  poured 
Uto  the  nppcr  end  of  the 
tioal  cylinder,  and  c.s- 
j  through  the  oijon- 
a  and    h,   at    the 


tat  euiJs  oi"  the  anoB-    The  wlieel  rti\o\'i6S  ia  a  t^^fttvia 
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opposite  to  that  of  the  water  jets.  The  priQciplc  iuvolvej 
was  explained  in  §  330.      (See  Appcnilix  F.) 

265.  The  Turbine  Wheel.— The  turbme  wheel,  o( 

which  there  aro  ma.uy  varieties,  is  the  most  affective  water- 
wheel  yot  known,  utilizing,  in  some  cases,  85  per  cent,  ol 
the  total  energy  of  the  Btream. 


I 


(iT.)  Fig.  B2  repreaeiilH  one  form  in  perspeclive  and  in  horizontal 
eectton  throagh  the  centre  of  the  wheel  and  cose  complete.  Tlie 
wheel  B  and  the  enclosing  case  D  are  placed  on  the  floor  of  a  peo- 
Btook  wholly  Bubmerged  in  water,  under  the  prcBsure  of  a  eonsid- 
eruble  head.  The  water  enters,  na  shown  by  the  arrows,  through 
openings  in  D,  which  are  ho  constructed  that  it  striliea  the  bucheti 
of  B  in  the  direction  of  greatest  efficiency.  After  leaving  the 
buckets,  the  "dead-water"  pscapea  from  the  central  part  of  tho 
wheel,  Bomctimw  hy  a  vertical  draft  tube,  best  made  of  boilerlron. 
The  weight  of  tho  water  in  this  tnbe  increases  the  velocity  with 
which  the  water  strikea  ihc  bnctets.  A  central  ahnft.  A,  is  cnrriBd 
hj  the  wheel  and  conntjunicatea  its  motion  to  the  machinery  ahnTC 
Tlie  wheel  itself  reiita  upon  a  CJ^ntral  pivot  carried  hy  crom-inm 
fnim  the  bottom  of  the  outer  case.  The  case  D  Ih  coverwi  wlthB 
Uip  T,  which  protit'ts  the  wheel  fnm)  the  vertical  presaun'  nf  the 
n-Hier.  Tltp  asis  of  the  wheel  passes  U\cuag\i  \W  oeutrn  of  this 
cover.  The  openings  by  which  the  wnler  ^Baacs  \n  'ike -wWiw* 
e»JJed  cJialee,     Sometimm  ft  cyliniitica\  toUai,  C,  iB-gVoc^V^jw 


e  vbeol  B  and  tb«  outer  case  D,  This  collar,  called  a  regialei 
i,  iiiuy  bo  tufinsi  alrout  \te  aiis  by  tbo  uction  of  a  pinion.  P. 
1  teeth  platnd  upon  tbe  circumference  ot  (,'.  By  means  of  tbe 
register  gate,  tbe  size  ot  the  chute  may  be  reduced  and  the  ai 
of  water  used  thas  diminished.  Tbe  watvr  passages,  to  and  from 
tbe  wheel,  should  be  of  such  a  eizo  that  the  velocity  of  tbe  water 
running  through  them  Hhall  not  exceed  one  and  a  half  feet  per 

366.  Lateral  Pressiu-e  of  Bimiiing  Water. 

— If  water  coold  flow  through  a  pipe  unimpeded  (f  =  8.0^ 
Vli),  there  would  be  no  lateral  pressure.  Biit  as  the 
velocity  is  lessened  by  friction  and  other  causes,  this  lateral 
pressure  begins  to  be  fc!t;  when  the  velocity  is  destroyed, 
lateral  presaure  has  its  full  force  again.  Thus,  a  pipe  la 
likely  to  burst  when  carrying  running  water  than  when 
with  water  at  rest. 


^^;SBli 

■bed 


l^denly  c 


267.  Bursting  Pressure.— If  a  current  of  water 
flowing  in  a  pipe  be  suddenly  stopped,  much  of  Its  mo- 
mentam  will  be  changed  to  latei-al  or  bursting  pressure, 
ia  takes  place  whenever  the  fanret  of  u  water-pipe  is 
closed.  Plumbers  freijuently  leave  the  ends  of 
pipes  in  a  vertical  position  so  that  a,  ([uautity  of  air 
be  confined  between  the  closed  end  of  the  pipe  and 
water  below.  This  air  by  its  elasticity  acta  as  a  pad  or 
ihion,  thus  lessening  the  suddenness  of  the  shock  and 
'en ting  accidents. 

,)  Thie  principle  is  practically  applied  in  the  "  bydraullc  mm," 
ItntiiTAnGe  by  which  the  impulse  of  running  water  when  aud- 
y  cheiskfld  may  be  used  to  raise  a  part  of  the  water  through  a 
ll  distance  greater  than  the  head. 


Ex  El 


CIS  US, 


am  of  water  leaaea  from  an  orifice  at  ttw  \i(i\,\iCim  oS.  * 
i  eonUh^ag  water  IBS  feet  deep.     Give  the  vo\wai^  ol  "Swi 


154  HYDR0KINETIC8. 

2.  How  much  water  issaes  in  one  hour  from  the  orifice  in  the 
bottom  of  a  vessel  in  which  the  water  always  stands  12  feet  high, 
the  orifice  being  ^j^  of  a  square  inch  ? 

3.  How  much  water  per  hour  will  be  delivered  from  an  orifice  of 
2  inches  area,  25  feet  below  the  surface  of  a  tank  kept  full,  uo 
allowance  being  made  for  friction,  etc.  ? 

4.  From  an  orifice,  water  spouts  with  a  velocity  of  96.24  feet. 
What  is  the  head?  Ana.  144  ft. 

5.  An  orifice  is  16.08  feet  above  a  horizontal  floor.  Water  spouts 
to  the  distance  of  80.2  feet.    Required  the  head. 

6.  Determine  the  formula  for  the  velocity  of  spouting  liquids, 
using  meters  instead  of  feet.  Ana,  v  =  4.427  Vh, 

7.  A  stream  of  water  issues  from  an  orifice  under  a  head  of  25 
\neters.    Find  the  velocity  of  the  stream. 

8.  How  many  liters  of  water  will  flow  through  an  opening  of  10 
Hq.  cm.  in  20  seconds,  the  head  being  kept  at  86  m.  ?     Ana.  531.24 1. 

9.  How  long  will  it  take  for  442,700  cu.  cm.  of  water  to  escape 
through  a  hole  1  centimeter  square  and  100  meters  below  the  sutSeu^ 
of  the  liquid  ? 

10.  How  long  will  it  take  to  empty  a  tank  having  a  base  3  m.  by 
4  m.  the  water  being  5  m.  deep,  by  means  of  a  sq.  cm.  hole  in  its 
bottom  ? 

Recapitulation. — In  this  section  we  have  considered 
the  Velocity  of  spouting  liquids ;  the  orifice  of  Great- 
est Range  ;  the  method  of  computing  the  Volume 
discharged  by  an  orifice  when  the  Head  is  con- 
stant ;  the  flow  of  liquids  through  Pipes  and  Rivers ; 
the  uses  of  V/ater-po^ver ;  the  five  kinds  of  ^Vater- 
wheels;  the  Lateral  Pressure  of  running  water; 
the  Bursting  Pressure  when  the  current  is  suddenly 
stopped. 

Review  Questions  and  Exhrcises. 

1.  (a.)  Define  Physics.  (&.)  Define  and  illustrate  four  universal 
properties  of  matter. 

2.  (a.)  Wliat  is  the  difference  between  momentum  and  energy? 
(/;.)  Find  the  momentum  and  (c.)  kinetic  energy   of  a  15  lb.  ball 

moving  Gfty  foet  per  second. 


f 
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(a.)  Give  the  third  law  of  motion  and  iUufltrala  it.    (6.)  Give 
le  Inw  of  reflectpd  raodon. 

4.  (a.)  Wlint  would  a  1470  lb.  btdl  weigli  at  10,000  miles  ftbovs 
the  earth  V    (6.)  Give  tike  law  that  you  use, 

5.  (a.)  How  far  will  n  bodj  fall  clnring  the  fourth  second?  (6.) 
How  (ar  in  four  Beconds  t    (e.)  What  will  be  its  final  velocity  ? 

0.  The  crank  of  an  endluss  screw  whose  threads  are  an  inch  ftpart 
(leacribeB  a  circuit  of  72  inches.  The  screw  acts  on  the  toothed 
edge  of  a  wheel  whose  circumference  is  t)0  inches  and  that  of  its  uilc 
Vi  inches.  On  the  asle  is  wound  a  cord  which  acts  on  a  set  of  pul 
leys  three  in  each  block,  the  force  of  which  pulleys  is  exerted  on 
the  wheel  of  a  wheel  and  axle,  the  wheel  being  4  feet  and  the  axle 
8  inches  in  diameter.  What  weight  on  the  axle  will  be  lifted  by  a 
power  of  30  lbs.  at  the  crank,  allowing  for  a  loss  of  one-third  by 
friction  ? 

7.  (a.)  What  is  the  length  of  a  pendulum  making  iS  vibrations  a 
minute  ?  {b.)  How  many  Tibrations  are  made  per  minute  by  a  pen- 
dulum 25  inches  long? 

8.  (".)  What  is  a  horse-power  J  (6.)  A  unit  of  work  t  (c.)  If  a  twn 
horse-power  en^ne  can  just  throw  1050  lbs.  of  water  to  the  top  of  a 
steeple  in  2  minutes,  what  is  the  height  of  the  steeple  ? 

0.  (a.)  What  are  the  laws  of  uiacliineB?  (b.)  The  facts  concerning 
friction!  (c.)  What  is  a  lever?  (tf.)  Figure  a  lever  of  each  kind. 
In  a  lever  of  the  second  kind  the  power  is  4J,  the  weight  h  40J,  tlie 
distance  of  the  power  from  the  weight  ia  18  in.  (e, )  What  is  the 
length  of  theleverl    (/-)  What  the  length  of  theshortarm? 

10.  If  the  diameters  of  thn  wheel  and  of  ilie  axle  of  a  wlioel  and 
axle  are  respectively  60  in,  and  6  in.,  and  the  power  is  150  lbs.,  what 
weight  will  be  suslained  t 

1.  (a.)  Draw  a  system  of  3  fixed  and  3  movable  pulleys.    (S.)  If 
power  be  01)  and  the  friction  one-third,  what  weight  con  lie 


12.  (a.)  A  weight  of  13  pounds,  hanging  from  one  end  of  a  five 
foot  lever  considered  as  having  no  weight,  balances  a  weight  of  8 
pounds  nt  the  other  end.  Find  how  far  the  fulcrum  ouglit  to  be 
moved  for  tlio  wei^'hts  to  balance  when  each  is  increased  by  two 
poundji.     (6.)  Give  the  law  for  the  screw? 

13.  A  capstan,  14  inches  in  diameter,  has  four  levers  each  7  feet 
long.  At  the  end  of  each  lever  a  man  is  pushing  witli  a  force  of 
42  pounds.     Wliat  ia  the  eflect  produced,  one-fourth  of  the  energy 

ided  being  loet  by  friction  1 


PNEUMATICS. 


j^Section  I. 

THE  ATMOSPHERE  AND  ATMOSPHERIC  PRESSURE. 

268.  What  is  Pneumatics? — Pneumatics  is 
that  branch  of  Physics  which  treats  of  aeriform 
todies,  their  mechanical  properties,  and  the  W/Or 
chines  by  which  they  are  used, 

369.  Tension  of  Gases. — However  small  their 
quantity ,  gases  always  fill  the  vessels  in  which  they 

are  held.  If  a  bladder  or  India  rub- 
ber bag,  partly  filled  with  air,  and 
having  the  opening  well  closed,  be 
placed  under  the  receiver  of  an  air- 
pump,  the  bladder  or  bag  will  be  fully 
distended,  as  shown  in  the  figure, 
when  the  air  surrounding  the  bladder 
Pj^  is  pumped  out.     The  flexible  walls 

are  pushed  out  by  the  impact  of  the 
mo\ing  molecules  confined  within.     (See  §  62.) 

270.  The  Type. — As  water  was,  for  obvious  reasons, 
taken  as  the  type  of  liquids,  so  atmospheric  air  will  be 
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taken,  as  the  ti/pe  of  aeriform  bodies.  Whabever 
mechanieal  properties  are  Bhown  as  belouging  to  air  may 
be  understood  as  belonging  to  all  gases. 

371.  The  Aerial  Oceau. — Air  is  chiefly  a  mbctnre 
of  two  gases,  oxygen  and  nitrogen,  in  tbe  proportions  of 
one  to  four  by  volume.  It  is  believed  that  the  atmosphere 
at  its  upper  limit  preeeuts  a  definite  surface  like  tliat  of 
the  sea:  that  disturbing  causes  produce  waves  there  just  as 
they  do  on  the  sea,  hut  that,  by  reason  of  greater  mobility 
and  other  causes,  the  waves  on  the  surface  of  this  aiJrial 
ocean  are  much  larger  than  any  ever  seen  on  the  surface 
of  the  liquid  ocean.  The  depth  of  this  aerial  ocean  has 
been  variously  estimated  at  from  fifty  to  two  hundred  miles. 

272.  Weiglit  of  Air. — Being  a  form  of  matter,  air 
haa  weight.  This  may  he  shown  by  experiment.  A  hol- 
low glohL-  of  glass  or  oietal,  having  a  capaeity  of  several 
Btera  and  provided  with  n  stop-cock,  is  carefully  weighed 
on  a  dehcat«  balauce.  The  air  is  then  removed  from  the 
globe  by  an  air-pump,  the  stop-cock  closed,  and  the  empty 
globe  weighed  carefully.  The  second  weight  will  be  less 
than  the  first,  the  difference  between  the  two  being  the 
weight  of  the  air  removed.  Under  ordinary  conditions  a 
cubic  inch  of  air  weighs  about  0.31  grains  ;  a  Ktei  of  nii 
weighs  about  l."i93  g.,  being  thus  about  ,^  as  heavy  sa 
water.    (See  Appendix  G.) 

k373.  Atmospheric  Pressure. — Having  weight, 
^  a  quantity  of  air  must  exert  a  great  pressure  upon 
B  sarfoce  of  the  earth  and  all  bodies  found  there.  This 
tiosphcrie  pressure  ueeessarily  decreases  as  we  iiscend 
R-om  the  earth's  surface.  For  any  surface,  at  any  ele- 
^ftjfif^i^S'^WM^ti,  iJownH'ard,  or  lat«tal.^ieaKQLtftxaa^\ 
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computed  in  the  same  way  as  for  liquids  (§g  23(5,  338  and 
231).  Owing  to  tho  great  compressibility  of  adrifonn 
bodies,  the  lower  layere  of  the  atmosphere  ai-e  miicli  more 
dense  than  the  upper  ones,  but  deuaity  and  pressure  alike 
are  constant  in  Taliio  throughout  any  horizontal  layer. 
The  weight  of  a  column  of  air  one  inch  square  extending 
from  the  sea-level  to  the  upper  limit  of  the  atmosphere  is 
about  fifteen  [wunds;  a  similar  column,  a  cw.  square. 
weighs  about  1  Kij.  Wc  express  this  by  saying  that  ih^c 
(Uniaspliei-io  pressure  at  the  sea-level  is  fifteen 
pounds  to  the  square  inch,  or  1  Kg.  to  the  sq.  cm. 
Several  illustrations  of  atmospheric  pressure  will  be  given 
after  we  have  considered  the  air-pump. 

374r.  ToiTicelli's  Experiment. — Tlie  intensity  d 
this  pressure  muy  be  measured  as  fol- 
lows:— Take  a  glass  tube  a  yard  long, 
about  a  quai'ter  of  an  inch  in  internal 
diameter.  Close  one  end  and  fill  tho 
tube  with  mercury.  Cover  the  other 
end  with  the  thumb  or  finger  and  in- 
vert the  tube,  placing  the  open  end 
mabath  of  mercury.  Upon  removing 
the  thumb,  the  mercury  will  sink, 
oscillate,  and  finally  come  to  rest  at 
a  height  of  about  30  indies,  or  760 
vim.,  above  the  level  of  the  mercury 
ill  the  bath.  Tliis  historical  experi- 
ment was  first  perfonned  in  1C43, 
f>f  Torricolli,   a  pupil  of    (laVdoo. 

'}  appanitaa  used,  when  proptirlj 
duated,  becomes  ft  barometet. 


fe'JS.  What  Supports  the  Mercury  Column? 

To  answer  this  very  im[H>rtaiifc  queation,  consider  the 
horizontal  layer  of  mercury  molecules  in  the  tube  at  the 
level  of  the  lif[aid  in  the  bath.  Under  ordinary  circum- 
stances, they  would  hold  their  position  by  virtue  of  the 
tendency  of  liquids  to  seek  their  level.  But  in  this  case, 
they  hold  it  agaiuat  the  downward  pressure  caused  by  the 
weight  of  the  mercury  column  above,  whicli  is  equivalent 
to  fifteen  pounds  to  the  Hquare  inch.  Being  in  a  condi- 
tion of  equihbriuni,  they  must  be  ucttd  upon  by  an  upward 
pressure  of  fifteen  pounds  to  the  equare  inch.  It  is  evident 
that  the  pressure  of  the  mercury  in  the  hath  la  not  able  to 
io  this  work,  its  powers  being  fully  tasked  in  supporting 
the  mercury  in  the  tube  up  to  the  level  of  the  particular 
moleculea  now  under  consideration.  This  upward  pres- 
sure then  must  be  due  to  some  force  acting  upon  the  sur- 
face of  tho  mercury,  and  transmitted  undiminished  by  that 
liquid.  Th&  only  force,  thu-s  acting,  is  atmospherio 
prrssure,  which  is  thus  meaaured.  The  original  column 
of  thirty-fiix  iuehos  fell  because  its  weight  was  greater 
than  the  opposing  force.  As  it  fell,  its  weight  diminished, 
continuing  to  do  ao  until  an  equality  of  opposing  forces 
jttoduced  equilibrinm.    {See  Appendix  H.) 

276*  Pascal's    Experiiuents. — Pascal  confirmed 

Torricelli'fl  conclusions  by  varying  the  conditions.  He 
had  the  experiment  repeated  on  the  top  of  a  mountain  and 
found  that  the  mercury  column  was  three  inclies  shorter, 
showing  thjtt  as  the  weight  of  tlio  atmospheric  column 
diminishca,  the  supported  column  of  mercury  o\ao  il\mv&- 
igjiea.  He  then  took  a  tube  forty  feet  lon^,  c\o8el  aN.  OTWa 
^^    -^""'W"  ^^'e^  't  ^yith  water,  he  inverted  \t  < 
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water  bath.  The  water  in,  the  tttie  came  to  rest  ai 
S  of  S4  fs&t.  The  water  column  was  13.6  times 
as  high  as  the  mercury  column,  but  as  the  specific  gravity 
of  mercury  is  13.G,  the  wuighta  of  the  two  columns  were 
equal  Experimeuts  with  still  other  liquids  gave  corrce- 
ponding  results,  all  of  which  atcongthcned  the  theory  that 
the  supporting  force  is  due  to  the  weight  of  the  atmos- 
phere, and  left  no  doubt  as  to  its  correctnesa. 

377.  Pressure  Pleasured  in  Atmosiihercs.— 

A  gas  or  liquid  which  exerts  a  force  of  fifteen  pouuds  iipoii 
a  square  inch  of  the  restraining  surface  is  said  to  exert  a 
pre^ure  of  one  atmosphere.  A  pressure  of  CO  pounds  to 
the  square  inch,  or  4  Kg.  to  the  sq.  cm,,  would 
be  called  a  pressure  of  four  atmospheres. 

378.  The  Accuracy  of  a  Barom- 
eter.— The  accompanying  figure  reprcscni^ 
the  simplest  form  of  the  baj'ometer.  The  in- 
strument's accuracy  depends  upon  the  purity 
of  the  mercury,  the  accuracy  of  measuring  tlio 
vertical  distance  from  the  level  of  tbe  liquid 
in  the  cistern  to  that  in  the  tube,  and  the 
freedom  of  the  space  at  the  top  of  the  tulu' 
from  air  and  moistui'e.  In  delicate  obsorvii- 
tiona  allowance  must  bo  made  for  diflercnecs 
of  temperature.  In  technical  language., 
"The  barometric  reading  is  corrected  for 
temperature." 

S79.  Tbe  Utility  of  a  Barmneter.  ^ 

— This  instramenfs  efficiency  ie^ienia  u'^wi'Li 
tie  iuot  that  Fariations  iu  atmoaphenc  ^ita-      ^ui.« 
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sare  prodace  correspondiiig  variations  In  the  height  of  the 
barometer  columii.  It  is  usoii  to  determine  the  height  of 
pliicee  above  the  sea-level,  foretell  stonnfi,  etc.  When,  at  a 
given  place,  the  "  barometer  falls,"  a  storm  is  generally 
looked  for.  Sometimes  the  atorm  does  not  come,  and 
faitli  in  the  accuracy  of  the  instrument  ia  tjhuken,  Butj  in 
fact,  the  barometer  did  not  announce  a  coming  storm;  ib 
did  proclaim  a  dinuitu,tion.  of  atmospherio  pres- 
sure frartb  some  cause  or  other.  Its  dechiratioDS  are 
perfectly  rehable :  inferences  from  those  declarations  are 
subject  to  possible  error. 

280,  Tile  Anci'oirt  Barometer.— TWs  Inatmtnent  consiata 
of  B  cjliudrical  bos  of  metal  with  n  tnp 
of  tliin,  elastic,  corrugated  metal.  The 
air  is  removed  from  the  box.  The  top 
in  presBed  inward  bj  an  increased 
almoBpheric  pressure  ;  whenever  llie 
atmosplieric  pressure  diminiBliea,  it  ia 
pressed  outward  bj»ita  own  eliistieity 
aided  by  a  spring  beneath.  These 
movements  of  the  cover  ars  transmitted 
1  and  multiplied  by  a  combination  of 
I  delicate  levers.  These  levers  art  upon 
a  index  whic'li  ia  thus  made  to  move 
rer  a  graduatt^d  scale.  8uc:li  barome- 
ters are  mutli  more  easily  portable 
than  the  mereurial  instrumenta.  They 
are  made  so  delicate  that  they  show 
Fig.  g6.  a  difference  in  atmospheric   jiroBauro 

when  transferred  from  au  ordinary 
table  to  the  floor.  Their  very  delicacy  involves  the  necessity  foreore- 
ful  usage  or  frequent  repairs. 

381.  The  Baro!4CO|)i>. — -Air,  having  weight,  has 
buoyant  power.  The  Priiieiple  uf  Archimedes  (§  338) 
igpliea  to  gaaes  as  well  as  to  liijiiid.?.     From  \.\\i6  \t  ^wWo^ft 

4tliB  weight  of  a  body  in  ait  ig  not  its  true  ■wei^\^t,Wt 
^itisJes9  than  its  tmo  wmght  by  exactly  the  vie\a'^t  q\ 
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tbe  air  it  displaces.  This  principle 
baroscope,  wliich  consists  of 
a  scale-beam  BUjtportiug  two 
bodies  of  very  uneijcal  size  (aa 
a  bollow  globe  and  a  lead 
ball),  which  balance  one  an- 
other in  the  air.  If  the  appa- 
ratus thus  balanced  in  the  air 
be  placed  under  tbs  receiver 
of  an  air-pnmp,  and  the  air 
exhausted,  the  globe  will  de- 
scend, thus  seeming  to  be 
heavier  than  the  lead  ball 
which  previously  balanced  it. 
Ib  tbe  globe  actually  heavier 
Uian  the  lead,  or  not  ? 


Exercises. 


n  the  surface  of  wliot 


I 


1.  Give  tlip  presBure  of  the  air  upon 
body  is  14J  square  feet. 

3.  A  Boap-bubble  has  a  diameter  of  4  inches  ;   give  the 
□f  the  sir  upon  it.     (See  Appendix  A), 

3.  What  IB  the  weight  of  the  air  in  a  room  80  by  20  by  10  feei  1 

4.  What  will  be  the  total  pressure  of  the  atinoaphere  on  a  dod- 
meter  cube  of  wood  when  the  barometer  standa  7tlO  mm.  t 

5.  How  muc^b  weight  does  a  coble  foot  of  wood  loae  when  weighed 
in  air? 

0.  (n.l  Wliat  is  the  pressure  on  the  upper  Burface  of  a  SWBt«g* 
trunk  %\  by  aj  feet  I  (S.)  How  happens  it  that  the  owner  can  OpM 
the  trunk  t 

T.  Wlien  the  Immmeter  stands  at  T(iO  mm.  what  is  the  stmM- 
pheric  preasare  per  sq.  cm.  of  surface?  Ana, 


JToee.—^la  round  nambere,  atmoaplieTic  pwsawie sA  Wa  v^Ti^t 
►  <»//pcf  i5  ihs.  to  Che  sq.  in.,  ot  1  WlogiwnWftiBWv  »a(v 


8.  A  eertatn  room  is  10  m.  long,  8  m.  wide  uiil  4  m.  high,  (a.) 
Wlittt  weight  of  ftir  does  it  tontsin  ?  (5.)  What  ia  the  preaauie  upon 
its  floor?  (f.)  Upon  its  ceiliug!  (if.)  Upon  each  eudl  (e.)  Upon 
c-aeli  side?  {/.)  Wha.t  ia  the  lotal  pressure  upon  the  six  Burfucea! 
(S. )  Why  ia  not  tlie  room  torn  to  pieces  t 

0.  An  empty  toy  ba31oon  wnighs  5  g.  When  filled  with  10  I.  of 
hydrogen,  wlmt  toad  can  it  liftY   (Stee  Appendix,  G.) 

K«capitlllation. — In  this  section  we  have  considered 
the  definitions  of  Pneumatics  and  Tension  ;  the 
Aerial  Ocean  in  wliicli  we  live;  the  mechanical 
Properties  of  Air  ;  the  weight  of  air  giving  riBc  to 
Atmospheric  Pressure;  a  famous  experiment  by 
Torricell  i,  and  the  explanation  thereof ;  Pascal's  ex- 
jieriments  and  the  conclusion  tliey  confirmed  ;   the   Ba- 

rpometer ;    the    Aneroid    hurometer ;    the    Baro- 

BKope. 
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ECTION  I!. 


jtHE   RELATION  OF  TENSION   AND  VOLUME   TO 
PRESSURE. 


282.  Tension  of  Gases. — If  a  glass  flask,  provided 
with  a  stop-cock,  be  closed  under  an  atmosplieric  pressure 
which  supports  a  mercury  column  of  30  inches,  the  atmos- 
pheric pressure  from  without  is  exactly  balanced  by  the 
tension  (§  269)  of  the  air  within.  If  it  be  closed  under  a 
barometric  pressure  of  38  inches,  this  equnlity  of  the  two 
pressures  will  continue.  If  the  flitsk  be  closed  when  the 
rounding  air  is  au)»jected  to  a  pressure  oi  t'no  v>t  \\\ttft 
There^  the  equality  will  still  cont'inue.  In  w^^ti  q'^ 
fwiil  the  glass  be  subjected  to  anj  atra^Ti^cassS-^ 
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of  the  air  within  or  without  The  tension  of  aeriform 
bodies  supports  the  pressure  exerted  upon  them, 
and  is  eqital  to  it. 

283.  Experimental  Illustrations  of  Tension.— (l.)Tbe 

tenaion  of  confined  air  is  well  Illustrated  by  tlie  common  pop^n 
It  la  also  well  illttstrated  by  tlie  common  experiment 
with  bursting  squares,     TUeae  "  squares  "  are  made 
of  thin,  glass,  are  about  two  or  three  inches  on  each 
edge,  and  are  hermetically  sealed  under  the  ordinary 
atmospheric  pressure.     The  tenwon  of  the  air  within, 
acting  with  equal  intensity  against  the  atmoepher 
presHure  from  without,  the  frail  walls  remain  unii 
jured.      When,   however,   the  "square"   is    placed   * 
under  the  receiver  of  an  air-pump  and  the  external       FlC.  9B. 
pressure  removed,  the  tension  of  15  pounds  to  the 
B(]uare  inch  is  sufficient  to  burst  the  walls  outward. 
(2.)  Half  fill  a  small  bottle  with  water,  close  the  neck  with  acoA 
through   which   a  small  tube,  passes.     The  lower  end 
of    this  tube  should  dip  into  the  liquid ;    the   upper 
end  should  be  drawn  oat  to  a  smaller  size.    Apply 
the  lips  to  the  upper  end  of  the  tube,  and  force  air 
into  the  bottle.     Notice,  describe,  and   explain  what 
takes  place. 

(3.)  Place  the  bottle,  arranged  aa  above  described, 
under  the  receiver  of  an  air-pump,  and  exhaust  the 
air  from  the  receiver.  Water  will  be  driven  inajcl 
from  the  tube.     Explain. 

Fill  art  284:,   Mariotte*s  Law. — The  tempera- 

titre  remaining  the  same,  the  volume  of 
a  given  quatititij  of  gas  is  inversely  as  the  pres- 
sure it  supports. 

285.— Experimental  Verification   of  Bfari- 
otte's  Tjaw. — This  law  m.iy  lie  experimentally  reriliwl 

with  Mariotfp'o  tnlie.  Tt  oousists  of  a  long  glass  tnbe  benf 
as  slioivn  in  Fig.  100,  tlic  long  arm  being  open  and  the 
ehort  arm  closed,  A  small  qnantity  of  mercury  is  ponred 
into  tlio  tabe,  bo  that  the  two  nieic:a.n&V  saTfaiaeB  are  in  the 
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mo  horizontal  line.  By  holdmg  tlii?  hibc  ntirly  level, 
bubblea  of  air  may  be  passed  into  the  eliort  arm  or  from  it 
niitil  the  desired  result  is  secured.  The  air  in  the  short 
arm  will  then  be  under  an  ordinary  atmosplieric  pressure. 
As  ninre  mercury  is  poured  into  the-  long  arm  the  confined 
air  will  be  compressed. 

(a.)  When  the  vertical  diatance  between  the  levels  of  themewinry 
In  tlie  two  amiB  is  one-thinl  the  height  of  the  barometric  colnmn 
at  the  time  and  place  of  lb(j  PspcrliiieDl,  llie  preBsure   u^ti  tlie 
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Just  fiuppoHS  this  pressure  an<]  must  tlierefore  be  }  atmoepliena 

Tlie  voluni"  of  the  confined  nir  Is  only  f  what  It  was  under  a  pre* 
t  oim  atraoBphere.  If  more  mercury  be  poured  into  the  long 
arm  until  tbn  vtirtical  distaii[«  between  the  two  men-urlal  snrfica 
IB  one-hnlf  the  littight  of  the  Uiiromelric  i-oluutn.  the  preesnre  and 
tenaion  will  be  \  atmospheres ;  the  volume  of  the  confined  aXt  will 
be  H  what  it  was  under  a  pressure  of  one  atmosphere.  When  mfl^ 
cury  lius  been  poured  into  the  long  arm  until  the  vertical  diataniw 
CA  is  t?c)ual  to  the  height  of  the  barometric  column,  the  pressnie 
and  ti^nsiun  will  be  two  atmospberL^s,  and  the  volume  of  the  confined 
air  wilt  lie  one-half  what  it  was  under  a  pressure  of  one  atinM 
pbere.  The  law  has  been  thus  "  verified"  up  to  37  atmospberes, 
notwithstanding  which  it  is  not  considered  rigorously  exact.  The 
deviation  from  exactness,  huwover,  can  be  detected  only  by  meu- 
urement  of  great  precision. 

286.  Tlie  Rule  Works  both  Ways.— The  law 

holds  gocMl  for  prussurea  of  less  than  one  almoBphero,  for 
rarefied  air  aa  well  as  for  eompressed 
air.  To  show  that  thia  is  true,  nearly 
fill  a  barometer  tube  with  mercury  and 
invert  it  over  a  mercury  bath  held  in  a 
glass  tank  as  shown  in  the  figure- 
Lower  the  tube  into  the  tank  until  the 
mercury  levels  within  the  tube  and 
without  it  are  the  same.  The  air  in  the 
tube  is  confined  under  a  proasore  of  flue 
atmosphere.  Note  the  volume  of  air  in 
the  barometer  tube-.  Raise  the  tnbft 
until  this  volume  is  doubled.  The 
vertical  distance  between  the  two  mei^ 
cui'ial  surfaces  will  he  found  to  be  half 
the  height  of  the  barometric  colnmn. 
The  confined  jwrtion  of  air,  which  is 
now  subjected  to  the  pressure  of  half  as 
atmosphere,  oceupiea  twice  tlie  space  H 


did  under  a,  preasure  of  one  atmosphere.  And  bo  on.  It 
miiy  be  more  convenient  to  huvo  Ike  bai-omctcr  tube  open 
ivt  both  cads,  the  upper  cud  being  eloaed  willi  the  Lhu; 
or  finger  before  lifthig. 

5i87.  A  Bumuuiig  UlJ. — From  the  foregoing  esperi-* 
nients  wc  liave  n  right  to  coacludo  that  the  density  and 
tension  of  a  given  qu,antUij  of  gas  am  directly,  and 
that  its  volume  is  inversely,  as  the  pressure  ex- 
erted upon.  it.  Eepresentiug  the  volumeB  of  tlie  same 
quantity  of  gas  by  V  and  v,  and  the  corresponding  proa- 
Hurcs  and  donsitiea  by  P  und  p,  D  and  d,  our  coneluaii 
may  be  aigebraieaUy  expressed  as  follows: 


D' 


1.  UndeT  ordinary  conditions,  a  certain  quantity  of 
one  liter.     Under  wlmt  cimclitiuiia  can  it  lii;  mude  to  o<M;upy  (ii.)  QM 
ta,  cm.  ?    (fi.)  2000  ou,  cm.? 

3.  Under  what  drtumstancea  woald  10  en.  inches  of  lur  at  the 
ordinary  tempernture  weigll  31  grains? 

3.  Into  TvLat  apace  must  we  compress  (a.)  a  liter  of  air  to  double 
its  tension  ?    16.)  A  liter  of  hydrogen  ? 

4.  A  barometer  standing  at  30  inches  is  placed  In  a  cloeed  vessel. 
How  much  of  the  air  in  the  veascl  must  be  removed  tliat  the  mer- 
cury may  fall  to  15  inches  ? 

5.  A  Tortical  tube,  closed  at  tlie  lower  end,  has  at  its  upper  end 
a  frictionleHs  piston  wliieh  has  on  area  of  one  aq.  inch.  The  weight 
of  this  piston  is  Gve  pounds,  (n.)  What  is  thu  tension  of  the  air 
in  the  tube!  (ft.)  If  the  piston  Iw  loaded  with  a  weight  of  ten 
jmanda,  what  will  be  the  tension  7 

(1.  When  the  barometer  stands  at  28]  inches,  the  mercury  is  at 
the  same  level  in  both  arms  of  a  Mariode's  tube.     The  barometer  _ 
rises  and  the  difference  in  the  two  mercurial  surfaces  of  the  A 
riotte's  tube  is  half  an  Inch,    (a.)  In  wMob  aim  is  it  the  bighc 
(frj  WlyJ 
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7.  Eight  grains  of  air  are  enclosed  in  a  rigid  vcsssel  of  sach  size 
that  the  tension  is  16^  pounds  per  square  inch.  What  will  be  the 
tension  if  three  more  grains  of  air  be  introduced  ? 

liecai>itiilatioii* — In  this  section  we  have  considered 
the  Equality  of  tension  and  pressure,  with  several  Ex- 
perimental Illustrations;  Mariotte's  Law; 
the  Verification  of  that  law  for  Compressed 
and  for  Rarefied  Gases;  a  brief  Conclusion  from 
the  teachings  of  these  experiments. 


j(J)S 
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AIR-PUMPS.— LIFTING   AND   FORCE-PUMPS.— 

SIPHON. 

288#    The    Air-Pump. — Tfie    air-pump    is  an 

instrument  for  revwvljig  air  from  a  closed  vessel, 
Tlio  essential  i)arts  are  shown  in  section  by  Fig.  102; 
one  form  of  the  c()mi)lete  instrument  is  represented  by 
Fig.  103. 

The  closed  vessel  R  is  called  a  receiver.  It  fits  accu- 
rately upon  a  horizontal  plate,  through  the  centre  of  which 
is  an  opening  com numi eating,  by  means  of  a  bent  tube,  /, 
with  a  cylinder,  C.  An  accurately  fitting  piston  moves  in 
this  cylinder.  At  tlie  junction  of  the  bent  tube  with  the 
cylinder,  and  in  the  piston,  are  two  valves,  v  and  v',  opcn- 
i\w  from  the  receiver  but  not  toward  it.  The  tension  o! 
tlie  air  m  B,  and  the  pressure  of  the  air  upon  the  valves, 
are  equal.  When  the  piston  is  raised,  v'  closes  and  the 
atmosj^heric  pressure  is  removed  from  v.  The  tension  of 
the  air  in  II  02)ens  v.    By  v'lxtuo  o^  \\,^  \ycy«^t  of  indefinite 
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espaasion,  the  air  vLich,  at  Grst,  was  in  R  and  t,  iiow  fiQl 
R,  t,  and  0.  When  the  piston  ia  pushed  down,  v  oloae^  p' 
opens,  and  the  uir  iu  V  cscapea  f'rum  the  apparatus. 

(fi.)  The  lower  yolve  «  ia  sometimes  Bappoitetl,  aa  Bhown  in  Kg 
103,  by  A  metal  rod  whicli  piuwcs  tiirougb  the  pisWn.  This  »d 
works  tightly  in  the  ptstoD,  and  is  thus  nueed  wheu  the  piston  t* 
raised,  and  lowered  wliea  the  piston  is  lowered.  A  button  near  the 
upper  end  of  this  rod  confines  its  motion  within  very  nurrow  limile, 
allows  B  to  be  raised  only  a  little,  and  compels  the  piston,  during 
moat  of  tlie  journeys  to  and  fro,  to  slide  upon  the  rod  inaiead  ot 
cari^ng  the  rod  with  it. 

389.  Degrees  and  Limits  of  Exhaustion.— 

Suppose  that  the  capacity  of  7^  ia  four  timea  aa  great 
that  of  C.  (The  capacity  of  t  may  be  disregarded.)  Sup- 
pose that  R  contains  200  parta  of  air  (e.g.,  300  graiofi), 
and  C,  50  parts.  After  liftiug  the  piston  the  first  time, 
there  will  be  160  grains  (=  200  x  ^)  of  air  in  R,  and  40 
grains  (200  x  i)  in  G.  After  the  second  stroke  there  will 
be  138  grains  [=  160  x  |  =  200  x  f  X  f  =  200  x  {{f\ 
of  air  in  R.  and  33  grains  in  C.  After  n  Qpward  strokea, 
200  X  (4)°  grains  of  air  will  remain  in  the  receiver.  Evi- 
dently, therefore,  w»  never  can,  hy  this  nwans,  «- 
move  all  the  air  which  R  contains,  althongti  w 
might  continually  approach  a  perfect  vacnum,  if  this 
the  only  obstacle.  It  requires  an  exceedingly  good  lit- 
pump  to  reduce  the  tension  of  the  residual  air  to  -^  iiudi 
oi  mercury.  This  limit  is  due  to  several  causes,  among 
which  may  be  mentioned  the  leakage  at  different  parts  ot 
the  apparatus,  the  air  given  out  by  the  oil  used  for  lubri- 
cating the  piston,  and  the  fact  that  there  is  a  space  at  the 
bottom  of  the  cylinder  untraversed  by  the  piston. 

.  Sprengel's  Air-Putnp. — This  instmment  ia 
J  to  Apply  the  priuciylea  set  ioit,h. 


hanstion  of  small  receivers.  The  liquid  used  is  mercury. 
The  vertical  pipe,  below  the  arm  (  (Fig.  87),  must  be 
longer  than  the  barometer  colamu  {nis  feet  ii<  u  cummon 
length),  and  have  a  diameter  of  not  more  than  -f^  iiieh, 
The  mercury  is  admitted  by  large  drops,  nliich,  tilliuj 
the  pipe,  act  as  valves  and  iii  theii-  fall  force  out  kucci 
sive  quantities  of  air  before  them. 

(rf.)  With,  suck  an.  instrument,  it  requires  about  hajf  an  Ilouf 
exliaual  a  half  liter  receiver,  but  the  average  result  attainable 
tension  of  about  one-mJUionth  atmosphere  or  O.ttKKKi  ineh  uf  mer- 
oury.  By  tide  means  a,  tension  of  only  jgnuirirs  ^'""''^P^*"^  ''BS 
been  secured.  The  mercury  aota  as  a  dry,  frictionless,  perfectly 
fitting.  Belf-iulj  listing  pi3t«D.  Special  precnutinns  roust  be  token  to 
make  the  connection  air-tight.  The  only  work  of  the  operator  is  to 
carry  the  raoreuiy  from  the  ciHtem  at  the  foot  of  tlie  faU  tube  tfl 
Ihe  funnel  at  the  top. 

391.  Bunsen's  Air-Punip. — In  Biiuaen's  aiiv 
-pnmp  the  principle  is  the  same,  hut  the  liquid  uped  la 
water,  and  the  length  of  the  vertical  pipe  at  least  thirty- 
four  feet  Such  an  air-pump  may  he  easily  provided  in  a 
laboratory  where  the  waste-pipe  of  the  sink  lias  the  neces. 
sary  vertical  height.  The  tube  /  (see  Fig.  87)  being  con- 
nected with  the  receiver,  has  its  free  end  inserted  in  the 
waate-pipe  a  little  way  below  the  sink.  A  stream  of  water 
properly  regulated,  flowing  into  the  sink,  completes  the 
apparatns. 
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293.  The  Condenser. — The  condenser  is  an 
instrument  for  compressing  a  large  amount  of  air 
wto  a  closed  vessel.  It  diflfers  from  the  air-pump, 
chiefly,  in  that  its  valves  open  imvard  tjoe  receiver. 
The  cylinder  is  generally  attached  directly  to  the  stop- 
oock  of  the  receiver.  Its  operation  will  be  readily  nit- 
I  Umaib^od.     ^moUmea   tiie  upper  valve,  v' ,  m'sIuKa.^  <Ai 
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being  placed  in  the  piston,  is  placed  in 
a  tube  opening  from  the  aide  of  the  ojlin- 
der  below  the  piston.  By  connecting 
this  lateral  tube  with  a  reservoir  conlftin- 
ing  any  gas,  the  gas  may  be  drawn  from 
the  reservoir  and  forced  into  the  receiver. 
When  thna  made  and  used,  the  inatra- 
ment  is  called  a  Iramferrer  (Fig.  104). 

Note. — The  pupil  will  notlCB  that  in  the  case 
of  tlie  air-pump,  the  condenaer,  tlie  trsusternr, 
and  thti  lifting  and  force  pumps  to  be  subse- 
quently considered,  the  valves  open  in  tlie  di- 
rcption  in  which  the  fluid  is  to  move, 

293.    Experiiueuts.  —  A    person 

having  an  air-pump  has  the  means  of 
performing  almost  numberless  experiments,  some  amn^ng 
and  all  instructive.  Other  esperimeuta,  which  may  be  per- 
formed without  such  apparatus,  have  been  purposely  de- 
ferred until  now.   The  pupil  should  explain  each  experiment. 

{!.)  The  pressure  of  the  atmosphere,  which  la  transmitted  in  all 
directions,  may  be  illustrated  by  Glling'  a  tumbler  with  watvr.  pUc 
Ing  a  slip  at  thick  paper  over  its  moutb  and  holding  It  there  wlille 
the  tumbler  is  inverted  ;  the  water  will  be  supported  whtai  thp 
hand  is  removed  from  the  card. 

(3.)  Plunge  a  small  tube,  or  a  tube  having  a  small  opening  at  the 
lower  end,  into  water,  cover  the  upper  end  with  the  finger  and  lift 
It  from  its  bath.  The  water  Is  kept  in  the  tabe  by  atmosiiberle 
pressure.  Remove  the  finger,  and  the  downward  pressure  of  llie 
atmosphere,  wliich  was  previously  cut  off,  will  couiilerbulnnce  the 
upward  pressure  and  the  water  will  fall  by  its  own  weight.  Snei 
k  tube,  called  a  pipette,  is  much  used  for  transferring  small  qntnll- 
ties  of  liquids  from  one  vesspl  to  another.  The  pipette  Is  olt« 
graduated. 

(3.)  The"  flicker"  eons\BtB  of  a  circular  piece  of  thick  leatbtf 
with  H  string  attached  to  its  middle.  Being  soaked  thorongU.v  ■■ 
water  it  is  firmly  pressed  upon  a  flat  sione  to  drive  out  all  air  ttto 
between  the  leather  amd  'Cos  elutte.    'W\\en  ft\«  Atv^^  ta 
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Itlj  there  is  &  timdency  toward  tlie  foimotinn  of  a  VBcuum  be' 

tween  the  leather  und  the  stone.      The  atone  ia 
r  pushed  upward  with  a  torco  of    15  Iba.  for 
,  evetj  square  inch  of  its  lower  Burfaue  (^  H'S.)    It 
iB  pressed  doienward  with  a  force  of  15  lbs.  apoQ 
each  square  inch  of  its  upper  flurtace  not  catered  bj/ 
tlie  "  gueJi^r."    The  downwurd  tttmuspheric  pres 
sure  upon  the  leather  la  sustained  by  the  string. 
This  diScreuce  between  the  upward  and  down- 
ward atmospheric  pressures  vpon.  the  stone  may  be 
1   greater  than  the  gravity  of  the  stone.    Then  wo 
say  that  the  stone  is  pulled  up  by  the  "sucker;" 
in  reality  the  stone  is  pushed  up  by  the  air. 

(4.)  Tfte  handglass  ia  a  receiver  open  at  both 
ends.     The  lower  end  fits  ac- 
curately upon  the  plate  of  the  air-pump.     (It  Is 
well  to  smear  the  ptate  with  tallow  in  this  and  / 
similar    esperiments.)      The    hand 
placed  over  the  other  end.     When  the 
worked,  the  pressure  of  the  atmosphere  is  felt, 
and  the  hand  can  be  removed  only  by  a  con- 
aideruble  effort.    The  appearance  of  the  palm 
of  the  hand  at  the  end  of  this  eiperinteut  is  due  to  the  tension  oi 
the  air  within  the  tissTtes  of  the  hand. 

(5.)  Eepeat  the  eiperiment  described  in  §  269. 
(6.)  Over  the  upper  end  of  n  cylindrical  receiver,  tie  tightly  a  we( 
bladder,  nnd  allow  it  to  dry.    Then   ex- 
haust the  air.     The  bladder  will  he  forced 
Inward,  bursting  with  a  loud  noise. 

(7.)  Replace  the  bladder  with  a  piece  of 
thin  india-rubber  cloth.  Exhaust  the  air 
The  cloth  will  he  pressed  inward  and  nearly 
er  the  inner  surface  of  the  receiver. 
B  hand-glass,  used  in  experiment  (4), 
will  answer  for  the  two  eiperiments  last 
given,  by  placing  the  small  end  upon  the 
pump-plate, 

(8.)  Review  the  experiments  mentioned 
In  S  383, 
{9.t  The-foimlaininvariio"  consists  of 
■  glass  vessel  through  the  ttase  of  whicli  passes  a  tube  terminating 
in  a  jet  within,  and  provided  with  a  stop-cock  and  screw  without. 
,8y  means  of  the  screw  i(  may  be  dttacljed  to  IHb  aii-'^'iaa'e  osiiSN« 


air  eKhaaated.     RemoTe  the  air,  close  the 
Btop  cock,  place  tlie  lower  end  of  the  tnbo 
r,  opea  the  stop-cock  ;  a.  benutiful 
(aimtain  will  be  produced  (Fig.  100). 
(10.)    The   mercHTy   thauifr    apparatus 
£  of  a  cup  through  the  bottom  of 
whioli  passes  a  plug  of  oak  or  other  porous 
wood.    Place  the  cup  tipon 
Ihe  hand-glaag  with  i 
bier    below ;    pour 
mercury  into  the  cup  ;  ei- 
hbust  the  air,  and  the  at- 
mosplioric    pressure    will 
force  the  mercury  through 
the  pores  of  the  wood. 

(11.)     The    vmght-UfliT 
(Fig.  110)  is  an  apparatus 
by  means  of  which  the  pressure  of  tlio  atmoBpht 


Fig.  io8. 


Eft  quite  a  heftvy  weight, 
supported  by  a  frame  and  tripod, 
cylinder  ia  a  closely  fitting  pis- 
ton from  which  the  weight  is 
bung.  A  brass  plate  ie  ground 
to  fit  accurately  apon  the  lop 
of  the  cylinder.  Thia  plate  ia 
perforated  and  a  flexible  tube, 
B,  connects  the  cylinder  with 
an  airpump.  When  the  air 
is  esliausted  from  the  cylin- 
der, the  atmospheric  pressure 
on  the  lower  surface  of  the 
piston  raises  the  piBton  and 
supported  weight  the  length 
of  the  cylinder, 

(12.)    The   MagdiAurg  hrmi- 
spheres    are   made   of   metul. 

I  They  are  hollow,  and  generally 
th'ee  or  four  inches  in  diam 
iter.  Thelredgea  are  pro\'ided 
with  projecting  lips  which  (it 
one  over  the  other.  These 
edges  fit  one  another  air-tight  -, 
the   lipa  preveBt  them  froia 
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morltig  mdeiirut.  The  edges  being  greased  aorl  plened  fogetlier,  th« 
sir  in  exhausted  froiu  the  hollow  globe  through  a  tube  jirovifled 
with  B  slop-eock  and  screw.  When  the  airbee  1  ten 
pumped  out,  close  the  atop-cock,  remove  the  Ik  mi. 
spheres  from  the  pump,  and  screw  a  conyeiiii>nt 
handle  npon  the  lower  hemispherp,  the  tipprr  one 
l>eing  provided  with  a  pemianent  handle.  Jt  will 
Uf  iiiund  that  a  (MinBiiierable  force  is  neceBsary  to 
]iii  !1  t}ip  hcmiepbereB  asunder.  This  force  is  hjuuI 
lo  ihsi  atmospheric  pressure  upon  the  circular  area 
iiiclusmi  by  the  edges  of  the  hemispherea.  If  Ibis 
area  be  ten  equare  incheB  it  will  require  a  pull  of 
150  pounds  to  Eeparaie  tlie  hemispberea. 
(13.)  Pnrlly  fill  two  liotlJpB  with  water.  Connect 
Fig.  111.  tiwm  by  a  bent  talie  which  fits 
cloooly  into  the  mouth  of  one  and 
loosely  into  the  month  of  the  other.  Place  the  Ixit- 
lies  undT  the  receiver  and  exhaust  the  air.  Water 
will  bo  driven  frnin  the  closely  stoppered  bol.tlc 
into  thfl  other.  Eeadnsit  air  to  the  reiiciver  and  the 
nator  thus  driven  over  will  be  forced  back. 


394.  The  Lifting 
Pump.— The  lifting. 
pump  consists  of  a  cylinder  or  bar- 
rel, piston,  two  vjJvos,  and  a  suc- 
tion pipe,  the  lower  end  of  which 
dips  below  the  sarface  of  the  liquid 
to  be  raiheil  Tlie  arrangement  is 
essentially  the  same  aa  in  the  air- 
pnmp  As  the  pieton  is  worked, 
the  air  below  it  is  gradnally  re- 
moved The  downward  pressure  on 
the  liquid  in  the  pipe  being  thus 
removed,  the  transmitted  pres- 
sure of  the  atTnospherr,  exerted 
upon  the  surface  of  the  liquid, 
pushes  the  liquid  up  tKrcfu-gJv 


.ter.     Connect 

Ji 
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the  suctioJt  pipe  and,  the  lower  vcUve  into  Oie 
barrel.  When  the  piston  is  again  pressed  down,  the  lower 
yalve  closes,  the  reaction  of  the  water  opens  the  piatOD 
valve,  the  piston  sinking  below  the  sui-face  of  the  liquid  in 
the  barrel.  When  nest  the  piston  is  raised,  it  lift*  the 
water  above  it  toward  the  spout  of  the  pump.  At  tlie  same 
time,  atmospheric  pressure  forces  more  hquid  through  the 
suction  pipe  into  the  baireL 

2U5.  Notes  and  Queries. ^The  dsterii  or  well  oontidiilnj 

the  liquid  must  not  be  cut  oS  from  atmospheric  pressure,  t.  e.,  mint 
not  be  made  air-tiglit.  Why  ?  For  water  pumps,  the  Huction  pip« 
mnflt  Dot  be  more  than  31  feet  liigh.  Why  ?  Owing  to  loechftnical 
hnperfections  chiefly,  (he  practical  limit  of  the  water  pump  la  28 
veiiicaJ  feet.  As  the  lifting  of  the  liquid  above  the  piston  does  not 
depend  upon  otmoBpheric  pressure,  water  may  be  raised  from  a  veij 
deep  well  by  placiug  the  barrel,  with  Its  piston  aod  valves,  witUn 
38  feet  of  the  surface  of  the  water,  and  piDVidiag  a  vertical  dia- 
charge  pipe  to  the  surface  of  the  ground.  The  piston-rod  nuj 
work  through  this  discharge  pipe.  Deep  mines  are  frequently 
drained  by  using  a  senes  of  piunps,  on 
above  the  other,  the  handles  (levers)  o! 
which  are  worked  by  a  single  vertical  wd 
The  lowest  pump  empties  the  water  into  i 
from  which  the  second  pump  llflB 
second  reservoir,  and  so  on. 


396.  The    Force-Pump.— Is 

the  force-pump,  the  piston  is  genenllir 
made  solid,  j'.  c,  without  any  t»It6. 
The  upper  valve  is  placed  in  a  db- 
c-liarge  pipe  which  opens  from  the  bar- 
rel at  or  near  its  bottom.  Wlien  the 
piston  is  rained,  water  ia  forced  htto 
^=^^  the  baiTel  by  atmospheric  presBure. 
When  the  piston  is  forced  down,  the 
enction  pipe  valve  is  closed,  the  w»tor 


Being  forced  through  the  other  valve  into  the  discharge 

,  f  ipe.     When  next  the  piston  is  raised,  the  discharge  pipe 

valve  is  closed,  preventing  the  rettini  of  tho  water  atwve 

it,   while  atmospheric  pressure  forces  more  water  from 

^Jelow  into  the  barrel. 

^^£297.  The  Air-Chamber  of  a  Force- Pump,-!* 

^HTater  will  be  thrown  from  such  a 
pump  in  spurts,  corresponding  to 
the  depressions  of  the  piston,  ^1 
continuous  flow  is  secured  by 
connecting  the  discharge  pipe 
with  an  air-chamber.  Tliis  air- 
chamber  is  provided  with  a  delivery 
pipe,  5,  the  inner  end  of  which  termi- 
nates Iwlow  the  surface  of  the  water 
in  the  air-chamber.  When  water  is 
forced  into  the  air-chamber,  it  covers 
the  mouth  of  the  delivery  pipe  imd 
compresses  the  air  confined  in  the 
chamber.  This  diminution  of  volu 
attended  by  a  corresponding  increase  of  tension  (g  284), 
which  soon  becomes  sufficient  to  force  the  water  through 
the  nozzle  of  the  delivery  pipe  in  a  continuous  stream. 

298.  The  Siphon. — The  siphon  consists  of  a  bent 
tube,  open  at  both  ends,  having  one  arm  longer  than  the 
other.  It  is  used  to  transfer  liquids  from  a  higher  to  a 
Ipsgr  level,  especially  in  cases  where  they  are  to  be  removed 
without  disturbing  any  sediment  they  may  contain.  It 
may  be  first  filled  with  the  liquid,  and  then  placed  with 
Uie  shorter  arm  in  the  higiier  vessel,  care  being  had  that 
the  liquid  doe£  not  cso&pe  from  the  tu\iQ  ^m!uV\lto  o^ 


of   the    air   is 


ibe  shorter  arm,  i 
Tessel,  until  the  le 
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n,  the  surface  of  the  liquid ;  or 
it  may  be  firat  placed  iu  poeition, 
iind  the  air  removed  by  Buction 
at  the  lower  end ;  whereupon,  bj 
the  pressure  of  the  atmoephei^, 
tlic  fluid  will  be  forced  up  the 
.-liorter  arm  and  fill  the  tube.  In 
titliur  case  a  constant  stream  of 
tiie  liquid  will  flow  from  the  upper 
\i'ssel  until  the  surface  line  mn  it 
brought  as  low  as  the  opening  in 
if  the  liquid  be  received  in  another 
.  is  the  same  in  the  two  vessels. 


399.  Explanation  of  the  Siphon. — ^Thia  actum 

of  the  siphon  may  be  thus  explained:  For  conveuienee, 
suppose  that  the  sectional  area  of  the  tube  is  one  inch, 
that  the  downward  pressure  of  the  water  in  the  arm  AB 
is  one  pound,  and  that  the  downward  pressure  of  the  water 
in  the  arm  BG  is  three  pounds.  The  upward  pressure  in 
the  tube  at  A  will  equal  the  atmosplieric  pressure  on  each 
inch  of  the  surface  mn  outside  the  tube  minus  the  down- 
ward pressure  of  one  pound,  i.  e..  (15  —  1  =)  14  pounds. 
On  the  other  side,  there  is  at  C  the  upward  atmospheric 
pressure  of  15  pounds,  from  which  must  be  taken  the 
downward  pressure  of  the  water  in  BC,  leaving  a  resultant 
upward  pressure  of  12  pounds  at  C  The  upward  pressure 
at  A  being  two  pounds  greater  than  that  at  C,  determines 
the  flow  of  tlio  water  ^B(7.  The  greater  tliodifTcrenM 
between  ha  and  he,  the  greater  the  velocity  of  tlic  stream. 
.300.  Limitations. — If  the  downward  pressure  at  A 
e  equal  to  tho  atmospheric  piesaaie,  the  liq^uil  will  not 


flow-  Therefore,  if  ihe  li^ibiA  be  water,  the  height, 
ab,  tmtsb  be  less  than  34  feet;  if  it  be  mercory,  ab 
must  tni  less  thau  the  mercury  column  of  the  barometer. 

30i .  Intermittent  Bpritigs.  —  Occasionally  a 
spriiifr  19  found  wliich  flows  freely  for  &  time,  and  then 
jcases  to  flow  for  a  time.  Fig.  117  represents  an  under- 
ground reservoir,  fed  with  water  tlirougli  liasures  iu  tlie 
earth.     The  chiiunel  through   wliich   the  water  escapca 


from  this  reservoir  forms  a  siphon.  The  water  esciipitig  at 
the  surface  constitutes  a  spring.  When  the  Wiitiir  in  tlio 
reservoir  reaches  the  level  of  the  highest  point  in  the 
channel,  the  siphon  begins  to  act,  and  continues  to  do  so 
until  the  water  level  in  the  resen'oir  falls  to  the  mouth  of 
the  siphon.  The  spring  then  ceases  to  flow  until  the 
ft'iitcr  has  regained  the  level  of  the  highest  point  of  the 
slphon-hko  channel.  This  action  ia  well  illustrated  by 
"Tantalus'  Cup,"  represented  in  Fig.  118. 

EsERCrSEB, 
1.  How  high  can  water  be  rmsed  by  a  perfitt  Uftlng-pump,  i 
the  barometer  stands  at  80  Inches !    (See  g  253,  ^3^^ 


ft 
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a.  If  a  Ufting-pntnp  can  juat  raise  water  38  ft.,  toir  Ugh  c 
nise  alcohol  liaving  a  epccific  gravity  of  0.8  V 

Water  is  to  be  taken  over  a  ridge  12  5  m.  higher  than  the  bui- 
of  the  nater.    {n,}  Can  it  bs  done  with  a  siphon?     Wtajf    <fi,] 

lifting-pump  ?  Wliy;  (c)  With  a  force-pump?  Wlyl 
How  high  will  bromino  stand  in  an  exhausted  tube,  wheamtt 
stands  755 mm.?    (Bp.  gr.  of  bromine  —  3.10.) 

5.  If  water  lieeB  84  feet  in  an  eshausted  tabd,  how  high  iriE 
Bulphuric  acid  rise  under  the  same  circumstances  t 

6.  The  sectionat  area  of  the  pistoo  of  a  "  weight-lifter "  b«ing  H 
iq.  inches,  what  weight  could  the  Inatrument  raise ) 

7.  If  the  capacity  uf  tlie  barrel  of  an  air-pump  ia  J^  that  of  the  re- 
ceiver, ia.)  what  part  of  the  air  will  remain  in  the  recdver  kt  the 
end  of  the  fourth  stroke  of  the  piston,  and  (ftj  how  will  its  tewdoa 
compare  with  that  of  the  external  ur  ? 

8.  How  high  could  a  liquid  with  a  ap  gr.  of  1.35  be  raised  by  ■ 
fifting'punip  when  the  barometer  stands  39.5  inches  T 

B.  Over  bow  high  a  ridge  can  water  be  contiououBly  carried  )n  ■ 
ripbon,  the  minimum  standing  of  the  barometer  being  69  em.t 

.  10.  What  is  the  greatest  pull  that  ma;r  be  resisted  by  Mogdebn^ 
hemispheree  (a.)  4  inches  In  dionieterl  (&.)  8  em.  In  dlmneterf  ^M 
Appendix  A.) 

Recap itillati on. — In  this  Bection  we  have  considered 

the  Air-pump;  the  Limits  of  Exhaustion  at- 
tainable by  the  ordiuaiy  air-pump ;  Sprengel's  «id 
Bunsen's  air-pumps;  the  Condenser  and  Trans- 
ferrer; numorous  Experiments  pertaining  to  afiri- 
form  pressure  and  tension;  the  Lifting-pump;  tbc 
Force-pump;  the  Siphon  and  Intermittent 
Springs. 

Eevfew  Questions  and  Exercises. 

1.  Define  {a.)  Phj-aics,  (6.)  Chemistry,  (c.)  Atom,  {S.)  Molecule^  (f.) 
Bolida,  (/.)  Liquids  and  {g.)  ASriform  Bodies. 

S.  Define  (a.)  Inertia,  {b.)  Impenetrability  and  (e.)  Hardness,  iDu 
iratlng  each  by  examples. 

3.  <>!.)  Define  Momentum  and  (A.)  Energy.  A  body  weighs  SM 
Iba.,  and  has  n  velocity  of  00  ft.  per  second  ;  («.l  what  ia  Its  iDonifa 
turn  and  (rf.)  what  ita  energy?  (b.)  How  would  each  be  affe«t«d  ly 
f/ooMng- the  weight  1    (/-)  Bj  doub^in^  W, -Mrrclty  t 
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4.  Give  (a.)  the  facta  and  (6.)  the  lawsof  gravitj.  A  body  weighs 
1440  lbs.  at  the  stirFace  of  the  enrth  ;  (c.)  how  fur  above  the  enrface 
will  its  weight  be  BO  lbs.  1  {d.)  What  will  it  weigh  22U0  milea 
below  the  surface ! 

5.  (o.)  What  18  a  machine  I  (t.)  What  is  a  foot  pound?  (e.)  Tell 
how  the  odvDQtage  gained  by  a  simple  mechimical  poner  ia  found  ; 
ind  (d.)  show  this  b;  an  illustration  of  joor  own.  (e  )  Explain  tlie 
ttuae  of  friction. 

6.  (a.)  What  is  a  simple  pendoliuu  1  (6.)  What  is  an  oscillation? 
.0.)  How  does  a  change  of  latitude  idiunge  the  number  of  vibrotiunsi 

"  A)  Why ! 
k  -7.  (a.)  What  is  the  leugth  of  a  second's  pendolum?    (6.)  What 
P  the  length  of  one  vibrating  ^  seconds  t 

t  8.  (a.)  State  the  general  law  of  nachinea,  and  (t.)  illustrate  It  hy 
means  of  the  policy. 

9.  (ii.)  What  Ib  the  centre  of  grarity?  (5.)  How  found? 

10.  (a,|  Draw  figures  illustrating  the  position  of  parts  In  the  dif 
ferent  kinds  of  levers ;   0.)  make  and  solve  a  simple  problem  in 

IL  (q.)  What  IB  the  relation  which  the  length  of  a  pendulum 
bears  to  its  time  of  oscillation?  (p.)  Qive  the  length  of  a  pendulum 
-   beaUng  once  in  31  seconds. 

la.  [a.)  Give  the  second  and  third  laws  of  motion,  and  (J>.)  illuB- 
tiate  them. 

13.  A  and  B,  at  opposite  ends  of  a  bar  6  ft.  long,  carry  a  weight 
of  600  pounds  Buspended  between  them.  A's  strength  being  twice 
as  great  as  B's,  how  far  from  A  must  the  weight  be  suspended  1 

14.  (".)  Give  the  formulas  for  falling  bodies,  (A.)  translating  them 
^^jnto  common  language.  |c.}  Give  the  same  for  bodies  rolling 
^Hbely  down  inelluod  planes.  A  body  fell  from  a  baUoon  one  mile 
^^MDve  the  surface  of  the  earth ;  (e2.)  in  what  time,  and  («.)  with  what 
^HSodty  would  it  reach  the  earth  ? 

^^  15.  A  ball  thrown  dosvnword  with  a  velocity  of  35  feet  persecond 
reaches  tlie  earth  in  12J  seconds,  (a.)  How  far  has  it  moved,  aud 
(i.)  what  is  its  final  velocity  ? 

16.  (a.)  A  bricklayer's  laborer  with  his  hod  weighs  170  pounds  ; 
lie  puts  into  the  hod  20  bricks  weighing  T  pounds  each  ;  he  then 
climbs  a  ladder  to  a  vfrtical  height  of  30  feet.  How  many  units  ol 
w-trk  does  he?  (6.)  If  he  can  do  1.18,100  units  of  work  In  a  day, 
kow  many  bricks  will  he  take  up  the  ladder  in  a  day  ? 
^^BTi  DofijiB  three  accessory  properljes  of  matter. 

"    IT  mncli  weight  will  a  cubic  meter  of  any  soHd  lose  when 
fa.)  in  hydrogen!  (&.)  in  air?  (c.)  in  cuboaic  e.d&  gb&t 


19.  Can  yoa  dsvise  b  plaji  b;  which  an  ordlaaiy  mercurial  barom 
Bter  maj'  beueed  to  measure  tbe  rarefaction  aecurF<l  l>;an  air-pump! 

20.  {a.)  (Jive  tlie  laws  of  liquid  pressure,  and  l!i. )  fiod  the  pressure 
on  cue  aide  of  a  cistern  fiUed  with  water,  5  feet  square  and  13  feel 
blg-h? 

21.  (a.)  What  is  specific  gravity?  (6.)  What  the  stitndard  for 
liquids  and  solids!    (e.)  How  Is  thesp.  gr.  of  Bolids  toundt 

22.  Calculate  the  otraoBpheric  proBsuro  upuii  a  luun  having  a  body 
surface  of  16,000  «?,  em. 

23.  What  ia  the  upward  pull  of  n  balloon  of  l.OOOca.  m..  when 
filled  with  gas  half  as  heavj  as  air,  its  own  weight  being  S.*)  £g.^, 

24  (a.)  State  Arcliimedea'  principle.  |6.]  How  may  it  be  experi- 
mentally verific-d?  (e.)  In  finding  specific  gravity,  what  is  <ilaaj/i 
the  dividend  and  what  is  always  the  divisor  ?  (d.)  A  Bpecilic  grarily 
bulb  weighs  3S  g.  in  air,  S8  g.  in  water,  and  SO  p.  in  an  acid.  Find 
the  Bp.  gr.  of  the  acid. 
BQ.  (a.)  Deseriboan  oTETshot  waf<^rwhee1,and  (i.)giye  adrawing, 
SQ.  (a.)  DeGnc  the  tluee  hinds  of  equilibrium.  (4-)  Wliere  Is  the 
centre  of  gravity  in  a  rjngl  (o.)  Why  are  lamps,  clocks,  etc,  pro- 
Tided  with  heavy  bases ! 

37.  Find  the  weight  in  sulphuric  acid  (sp.  gr.  1.75)  of  a  piece  of 
lead  weighing  1.10  g..  and  having  a  sp.  gr.  of  11. 

'£S.  A  pendulum   1  meter  long  mokes  40  oscillations  in  h  givea 

tjme ;  how  long  must  a  pendulum  be  ti>  make  SO  oecillationa  in  the 

tamo  time  and  at  the  same  place  ? 

29.  {/[.)  Give  Mariotte's  law.     (6.)  How  high  could  a  fluid  having 

I  a  sp.  gr.  of  1.35  be  raised  in  a  common  pump  when  the  baromeior 

I  Stands  at  39.G  inches! 

SO,  Represent,  by  drawings  in  section,  the  essential  parts  of  («,) 
1  nlr-pon»p,  (6,)  a  lifting-pump,  and  {e.)  a  force-pump,  (i)  Why 
i  the  water  rise  in  the  snction  pipe  of  a  lifting-pump?  ie.) 
it  la  the  immediate  force  that  throws  wattr  in  a  steady  strcem 
a  forcp-pump  7 

*  81.  Water  flows  from  an  orifice  25  feet  below  the  surface  of  tha 
BiWMeT,  sod  144.73  feet  above  the  level  ground.     Find  the  range  of 
e  Jet. 

33.  State  briefly,  by  diagram  or  otherwise,  the  distinguishing 
features  of  solid,  liquid  and  aiSriform  bodies. 

33.  The  specific  gravity  of  I  co.  ft.  of  wood  is  0.9.  What  ia  llio 
specific  gravity  of  1  eu.  em. !      ^ 


ELECTRICITY     AND     MAGNETISM. 


GENERAL    VIEW. 


Note. — A  deare  to  aecure  favorable  atmoapheric  conditionH  for 
DzpeiinieiilH  in  fricttonal  electricity  has  deterininod  tlie  order  Id 
which  the  following  branches  of  pliyBios  are  taken  up.  In  most 
plftces  in  thiB  coantry,  the  school-year  begins  with  Bejitenber.  In 
Bucb  oases,  this  chapter  wouhl  probably  be  reaciied  by  January, 
durioR  which  month  the  atmnsphere  is  generally  dry.  Under 
oLber  circumstances,  the  ciinBJdenition  of  tlieae  BiibJBCts  would  better 
^Aa  omitted  □□til  sound,  heat  aod  light  have  been  studied.  Tbn 
^Hperiments  in  this  chapter  are  numliered  consecntively. 

^E302.  Simple  Apparatus.  —  Provide  two  stout 
sticks  of  sealing-wax  and  one  or  two  pieces  of  flannel  folded 
into  pads  atout  20  cenlimeters  (8  inches)  sijiiare;  two 
s  rods  or  stont  tnbes  closed  at  one  end,  30  or  40  centi- 
tere  in  length  and  about  3  centimetere  in  diameter  (long 
[nitioii  tubes"  will  answer)  and  one  or  two  silk  puds 
rnt  20  centimrtera  square,  the  pails  being  three  or  four 
3  thick;  n  few  pith  balls  about  1  centimeter  in  dium- 
•  (whittle  thcni  nearly  round  and  flni;?h  by  rolling 
between  the  palms  of  the  hands) ;  a  silk  ribbon 
I  inch  widfi  and  a  foot  long-,  ».  \i!A8sice&L  4\.tk« 


about  a  foot  long,  represented  id  Fig,  119.  The  endi 
or  the  straw  carry  two  Bmiill  discs  of  paper  (brigiit  colors 
p.  J-    preferahle)  fastenod  on  by  sualing-wax. 

''  The  cap  at  the  middle  of  the  etraw  ia 

a  short  piece  of  straw  iastened  by  seal- 
ing-wax. This  is  supported  upon  the  point  of  a  sewing- 
needle,  the  other  end  of  which  is  stuck  upright  into  the 
cork  of  a  email  glass  vial,  from  the  coiling  or  other  cou- 
venient  support,  suspend  one  of  the  pith  balls  b;  a  fine 
silk  thread. 

{a. )  The  efflcleoc;  of  the  silk  pad  above  mentioned  maj  be  in- 
creaBecl  by  smearing  one  Bide  with  lard  and  applying  an  amalgam 
made  of  one  weig'lit  of  tin,  two  of  zinc  and  six  of  mercury.  Ths 
amalgam  that  may  be  scraped  from  bits  of  a  broken  looking-gUn 
aoawers  the  purpose  admirably. 

Experiment  I, — Draw  tlie  silk  ribbon  lietween  two  layers  of  the 
warm  flannel  pad  with  considerable  friction.  Bold  it  near  the  wall 
of  the  room.  'T?i£  r^iboii  mil  be  drawn  to  tl'e  icaU  and  held  there  fir 
tome  time.  Place  a  sheet  of  paper  on  a  warm  board  aod  brlaU; 
rub  it  with  indift-nibber.    Hold  it  near  the  wollaa  youdid  the  ribbon. 

Experiment  2. — Briskly  rub  the  aealing-wai  with  the  flannel 
and  briQK  the  was  near 
theeuspended  pith  ball. 
The  ball  will  be  drawn 
to  the  wai.  Bring  the 
was  near  one  end  of  the 
balanced  straw;  it  may 
be  made  to  follow  tht- 
wax  round  and  round. 
Bring  it  near  small 
scrape  of  paper,  siireda 
of  cotton  and  eilk, 
featliora  and  gold  leaf, 
breii  and  sawdust  and 
other  light  bodies  ;  t/ie^ 
are  iitlrMtcd  to  tfte  u>ai. 

Experiment  3.— Repisat  all  of  these  ■ 
^tliae  has  beea  rubbed  with,  the  AVs.  -iiA. 


T 


Epcriments  with  a  glasB  cod 


^VExperiment  4,— Make  a  light  paper  hoop  or  iin  empl.y  egg-aliell 
^■jh  after  jDor  rod    (Bot.ggaSfi.) 

Experiment  5.— Place  an   egg  iu  a  urioe-glaaB  or  an   egg^sup. 
Upon  tlie  egg.  balance  a  jard-Btick  or  n  common  lath.     Tlie  end  of 
the  stick  may  be  made  to  follow  the                                                           . 
rubbed  rod  round  and  round.    Place  the                                              ^^^J 
blackboard  pointer  or  other  etick  in  a                                             ^^^H 
wire  loop  (Fig.  131)  or  stiff  paper  Btic                                              ^^H 

or  natron  silk  ribbon.    Ilmarbemado                                             ^^H 
to  imitate  tike  actions  of  the  balanc^^d                                             ^^H 

Bealing-wai  or  glass   rod   as  jou  did     n;jn^^^^^****'^ 
the  blackboard  i*iuter  in  the  luat  ex-     ^^"^^ 
^jerlment.      Hold  jour  hand  near  the                    '"^-   ^-■■ 
^^bd  of  the  rod.     It  will  tvrn  round  and  opproadi  your  hand. 

1 

r\ 

V 

ifo/e.— The  pupil  may  be  in- 
genioua  enough  to  invent  new 
M:perimnits  for  himaelf  and 
the  class.     The  ability  to  In- 
vent  iB   often  very  valuable 
and  may  be  acquired  early  in 
life.      Most  of  the  great  in- 
Tenlore  began  making  esperi- 
meals  when  mere  children. 

%A 

303.  Electric  At- 

■ 

\V 

traction.  —  Tlic     at- 

^^^^ 

^ 

tractions     manifested 

Ik  vDII^^^ 

\ 

in     tJie     expcTinients 

l^^r^ 

\ 

Jitut     described     werp, 
due  to  eUcMcity  thai- 

^H                                        IE 

was  devf7oj}ed  by  fric- 
tion.    Snrh  eUctricitij 

^^LfT.^^^  frivUw 

III  or  st,atic 

electricity. 

GENEBA.L    VIEW. 

Experiment  7. — firing  the  rubbed  sealing'-TCax  or  glass  rod  neat 

the  iiilli  bull  BgniD.     It  will  attract  the  ball  as  iMforc.     Allow  the 

ball  to  touch   the   rod  and  notice  that,  \a  a  tuomeDt,  the  ball  ia 

[thrown  off.     If  the  ball  be  pursuod  with  the  rod,  it  will  be  tomid 

■that  the  rod  leAir/t  'tttraeted  it  a  moment  ago  now  repeit  it.    Evidentlj, 

VOie  ball  baa  acquired  a  new  property.     (Fig.  123.) 

Experiment  8.^Touch  the  ball  with  the  finprer.     It  Beeka  the 

■  *ub!tcd  rod,  lonuheB  the  rod,  flies  from  the  rod.     liepeat  the  ezpetl- 

sith  the  Ht-ttling-wai  after  it  has  beuu  rubbed  with  flannel. 

Experiment  9. — Bub  the   glasa  md  with  silk  end  bring  it  over 

■(be  small  scraps  of  paper  as  beford.     Notice  that,  after  tLe  attmo- 

Btion,  the  paper  bits  da  not  merely  fall  down,  Oup  are  throam  down. 


304.  Electric  Repulsion.  —  The  repulsions 
manifested  in  the  experi- 
m&nts  just  described  were 
due  to  statio  electricity. 
The  gluss  or  wax  is  said  to  be 
electriiied  by  friction.  The  ball, 
after  obtaioing  its  new  property 
of  repulsioQ  by  coming  in  con- 
tact witli  tlie  glass  or  was,  is  eiud 
to  be  electrified  by  conduction. 
The  suspended  pith  ball  is 
called  an  electric  pendulum. 

Experiment  10.— Prepare  a  batleiy 

solutioD  according  to  the  recipe  given 
in  g  392,  using  only  half  tbc  qoauti^ 
of  each  snbslaiice  as  therein  directed. 
While  the  solution  is  cooling,  provide  n 
■e  ot  sheet  oppor  uid  one  of  ehuet  zinc,  each  abont  10  cendmeten 
^4  lacbeB)  long  mid  4  centimeters  (U  indm»t)  wide.  To  one  imd  At 
leh  atrip,  solder  (see  Appendix  B)  or  otherwise  featen  a  pieee  of 
'8  copiier  wire  (See  Apiiendix  1)  nlmiit  15  ceiiliniPterB  (6  indti^ 
Wg.  Place  the  x\ae  atHp  in  a  ccnuiuon  tnmliler  al>i>ut  three-EoDttlls 
"i  of  the  battery  solution.  Notice  the  minute  bubbles  that  bfcak 
^/  Irofft  llio  sur&ce  of  the  ^Inc  and  riae  to  the  soilace  of  Out 


Replace  the  t 
that  710  btMlea  a 


liquid.  These  bjs  bubbles  of  bydrogen,  a  comboBtlble  gas.  The 
formation  of  the  gas  U  dve  to  ekemkal  aelioit  belmeea  the  nnc  and 
the  liquid. 

Experiment  II. — Take  tbe  zinc  from  tbo  tmnbter  and,  while  It  ia 
yet  wet,  rub  a  few  dnipB  nf  mercury  (quicksilver)  over  its  snrfsce 
until  it  hBH  a  brilliant,  ailver-like  appeal  ~ 

thus  amalgamated,  in  the  Bolutiou  and  n 
gieen  off. 

Experiment  12.— Place  the  copper  siriji  in  the 
that  it  or  ils  nire  ilues  not  touch  the  zinc  tir  its 
wire.  JVo  bvbbles  appear  eilltcr  on  the  zinc  or  the 
copper.  It  may  be  conTenient  to  place  a  narrow 
glass  strip  between  the  ends  of  the  metal  etrijia 
in  tbe  tumbler  to  keep  them  apart.  ■ 

Experiment  13.— Bring  the  upper  ends  of  the 
etripB  together,  aa  ?hown  in  Fig.  124.  or,  Blill 
better,  join  the  two  wires,  as  sliown  in  Fig.  1T9. 
being  sure  that  the  wires  are  clean  and  bright 
where  they  are  united.  Notke  the  formation  of 
lnibble»  on  the  aarface  of  tlia  copper,  whera  nofle 
pretiioudy  appeared. 


305,  Susi>icion. — It  aeema  that  the  connecting 
wire  is  an  important  part  of  the  apparatus  as  now  ar- 
ranged and  we  are  led  to  suspect  tijiit  something  unusual 
ia  taking  place  in  the  wire  itaelt  It  ia  evideut  that  we 
have  a  complete  "circuit"  through  the  liquid,  the  metal 
strip  and  the  wire. 

Experiment  14.— Untwist  the  wires  or,  in  other  words,  "  break 
the  circuit."  Connect  the  copper  wirea  with  a  abort  piece  of  veri/ 
fine  iron  wire.  Tlia  connections  should  be  made  bo  that  the  circuit 
shall  include  about  2  centimeti^rs 
a  inch)  of  iron  wire.  The  iron 
irill.  heenme  luil  Bnnugh  to  burn  tlie 
lingers  or  in  ifrnite  a  small  quantity 
nf  gun  cotton  twisted  aroutLd  it. 

Experiment  15.— If  one  of  the 
cnp[ier  wires  be  twisted  around  ooe 
eod  of  a  enu^U  file  aa&  <i.\i,e  t.tee  «q& 


f  the  othet  wire  be  drawn  along  Its  rough   surface,  a  teritt  of 

ninifte  tparki  wiU  l/e  produced  ae  the  circuit  is  rapidly  made  and 


Experiment  16.— Place  the  cell  eo  that  the  joined  wires  shall  tud 
f,  north  onii  eiiutli,  imssing  directlj  over  the  needle  of  a  small  com- 
e  (Expetinient  98)  and  near  to  it,  TheneedU  will  instantiy  turn  as 
I  though  It  were  tiying  to  place  itself  at  right  angles  to  the  wire. 
J  Break  the  circuit  and  the  needle  will  swing  back  to  ile  north  and 
I  .south  portion. 


300.  Certainty. — We  now  feel  stire  that  Bomn 
I  nnuBual  ia  taking  place  in  the  wire  of  our  complete  circnft, 
I  for  we  have  seen  the  wire  become  hot,  explode  gun-cotton, 
I  yield  sparks  and  exert  a  very  niyeterious  influence  upon 
[  the  magaetio  needle.  As  a  mutter  of  fact,  we  now  have 
I  a  current  of  electricity  flowing  through  a  voltaic  cell  and 
ire.  Electricity  thus  produced  hy  chenvi-cal  action 
!  called  voltaic  or  galvanic  electricity.  It  is  one 
^form  of  current  rlectii-eity. 

Experiment  17.— Wrap  a  (il've  of  writing  paper  arocnd  a  laige 
Itron  nail,  leaving  the  ends  of  llie  nail  bare.  Winfl  fifli-en  or  tweBtjr 
la  of  stout  copper  wirn  around  this  jiapRr  wrapper,  Inking  can 
t  the  eoils  of  the  wire  spiral  do  nut  touch  each  other  or  Ihe  froD. 
i  well  to  use  cotton  covered  or  ■'inBulaled"  wire,  fonnrc*  iKi* 
eaJe  of  the  wire  apiral  with  tVe  Wo  wires  of  the  voltaic  wU 


or.  In  ether  words,  put  the  spiral  into  the  oiranit.  Dip  the  end  ot 
the  nail  into  iron  fSliDgB.  .Same  tf  ihe  JUitign  will  ding  to  the  nail  In 
a  remarkable  manner.  LTpou  breaking  the  circuit,  the  nail  Inetantlj' 
loses  its  newlj  acquired  power  and  drops  the  iron  HllngB. 

If  the  eiperimeiit  den's  uot  work  BBtisfactorily,  look  carcfnlly  to 

•all  the  oonnpctiiins  ot  th«  dreuit,  eae  timt  the  ends  iif  the  wires  are 

a  and  bright  nnd  tliat  thi-y  are  l.wiBtjsi  tJ>y:ether  liriidy.      It  may 

■  necessary  tn  wbhIi  the  plates,  rub  niort^  iiierturj  nn  the  niuc  and 

"  le  a.  (resh  battery  solution. 


I  307.  Temporary    Magnets. — The  nail  has  the 

tower  of  attraoHog  iron  filings  while  the  electric  cur- 

i  is  flowing  through  the  swrroundin^  wire  coil. 

Win*-  have -made  an  electro-magnet.     Its  power  of 

Hracting  iron  is  called  magneUsni.     Satisfy  your- 

',  by  triftl,  that  the  nail  loses  its  magnetism  as  soon  aa 

e  circuit  is  broken  or  tlie  current  ceusea  to  flow  around 

Eemjmber  that  your  electro-magnet  is  a  temporary 

~magnef. 

Experiment  18. — While  t1ie  nail  is  ma^etized,  draw  a  sewing- 
needle  foor  or  Gve  times  from  eye  to  point  across  one  end  of  the 
Bctro-magnel.    Dip  the  needle  into  iron  Slings  ;  eome  of  them  mS 
)oeaeh  end  of  it. 

|308.    Perniaiieut    Magnets.  —  Wheu    ateel   ia 
Kited  as  in  the  Inst  experiment,  it  becomes  permanently 
^etized. 

Experiment  (9. — Cat  a  thin  slice  from  the  end  of  a  vial  cork  and, 
with  its  aid,  float  your  magnetized  needle  upon  tlie  Hurfacci  of  a 
bowl  or  saucer  of  water.  Tlie  needle  comes  to  real  in  n  north  imd 
tovth  'position.  Turn  it  from  its  cboseti  position  nnd  notice  thai,  afler 
each  displacetnent,  it  resumes  tlie  same  position  and  that  Vie  mme 
end  of  the  needle  aheays  poiata  to  the  north. 

^309.  A   Hiniple   Coiiipasa, — .4  small  magnet- 

i  steel  bar  freely  suspended,  is  called  a  cotn- 


K  309.  A  i^ 

^H^   sfef!  be 
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pass.  The  one  that  you  have  made  may  be  less  conyen- 
lent  than  is  the  compass  of  the  mariner  or  the  surveyor, 
but  it  is  as  reliable. 

310,  Artificial  Magnets. — The  electro-magnel 
and  the  permanent  magnet  that  you  make  are,  of  course, 
artificial  magnets.  There  is  a  natural  magnet 
known  as  lodestone. 

311,  Other  Forms  of  Current  Electricitjk— 

Electric  currents  may  be  generated  by  the  action  of  other 
currents  of  electricity  or  by  the  action  of  magnets.  Elec- 
tricity thus  developed  is  called  induced  electricity.  A 
current  of  thermo-electricity  may  be  generated  by  heating 
the  junction  of  two  metals  that  form  part  or  all  of  a  cir- 
cuit. 

312,  The  DiflFerent  Forms  of  Electricity 
are  Identical. — So  far  as  experiment  can  show,  one 
form  of  electricity  may  have  a  particular  property  in 
greater  degree  than  some  other  form,  but  all  are  identical, 
each  having  all  the  properties  of  any  of  the  others. 
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Recapitulation.— To  be  amplified  by  the  pupil  foi 


lew. 


w 

t-H 

n 


t 


m 


I 

(3 

I 


D 

o 

H 

o 


o 
a: 


o 

I— • 
o 

r 


^ 


r 
> 


V 


Si 


ft" 


H 

o> 

S  H 

|P 

'<' 

8 

Cu 
B 
o 
o 
a 


O 
H 


O 

a: 
S 

B 

a 

sa 

5 
crq 


O 

o 
s 

> 

a; 

H 

M 


n 

s 


n 

O 

> 


50 
n 

•a 

a 

!;; 

o 


> 


a; 


jQ^  EC 


ECTION  n. 


FRICTIONAL  ELECTRICITY  OR  ELECTRIC  CHARGES. 

313.  The  Nature  of  Electricity.— But  little  is 
known  concerning  the  real  nature  of  electricity.  It  is 
easier  to  tell  what  electricity  can  do  than  to  tell  what  it 
is.  The  majority  of  modern  physicists  consider  that  elec- 
tricity is  a  form  of  energy  producing  peculiar 
phenomena ;  that  it  may  he  converted  into  other 
forms  of  energy  and  that  all  other  forms  of 
energy  may  he  converted  into  it.  It  is  believed  that 
electricity  is  a  form  of  molecular  motion,  but  this  belief 
still  rests  upon  analogy  rather  than  demonstration.  Sev- 
eral theories  have  been  advanced  to  account  for  electrical 
phenomena,  but  none  of  them  is  satisfactory. 

314.  Electric  Manifestations.  —  Electricity 
may  reveal  itself  as  a  charge  residing  on  the  sur- 
face of  a  hody  or  as  a  current  flowing  through  its 
suhstance.  By  means  of  friction,  the  glass  rod  or  the 
sealing-wax  (§§  303,  304)  acquired  an  electrical  charge 
and,  consequently,  the  power  of  attracting  and  repelling 
light  bodies ;  by  means  of  chemical  action,  the  voltaic  cell 
(§  3^^)  generated  electricity  that  manifested  itself  as  a 
current.  In  this  section,  toe  shall  consider  electricity  thai 
appears  as  a  charge^  i.e.,  static  electricity. 


(a.)  The  electrified  body  is  said  to  be  ebnrged.  When  the  electric, 
ity  is  removed,  the  body  is  oiiid  to  he  discliarged.  Good  cuuduptora 
(§  834)  ure  instuutlj  discharged  mlien  t'larfitd  hj  the  hand,  or  by  any 
good  coudttctor  coDiieetwi  with  tlio  earth.  A  poor  ooiiduclnr  may 
be  roadily  discliargeil  bf  pasiiiDg  it  rapidly  throagha  Hame,  aa  of  a 
lamp  or  caudle. 

Experiment  20. — Prepare  tvro  electric  pendulume.  Bring  the 
«1ectrified  glass  rod  near  the  pith  hall  of  one  ;  after  rootact,  the  bull 
will  he  repelled  hy  the  glusa.  Bring  the  elecWiHed  seuliug-wai 
near  the  second  pilb.  ball  ;  afMi  contact,  it  will  be  repelled  by  the 
wax.  Satisfy  yourself  that  tlie  electrified  glass  will  repel  the  first ; 
that  the  electrified  Beallng-wait  will  reppl  the  second.  I#t  the  glass 
rod  snd  the  spallng-wnx  change  hands.  The  first  hall  was  repelled 
hy  the  ghiBB  ;  t'(  irUl  be  attraetrd  hy  the  aealing-wtx.  'I'he  aecond  ball 
was  repelled  by  the  sealinf^-wax ;  it  loili  be  attracted  by  thi  glass. 


y  pith  balls  as 


in  FiB.  137. 


Experiment  2t. — Suspend 

and  touch  tliem  with  a  raUbed 

giaaa    rod.      Instead  of    eoa- 

tinning  la  hang  side  by  side, 

they  repel  each  other  and  fly 

apart.     It  the  electrified  glass 

rod  he  held  near  them,  they 

separate     stJll     further.       If 

the    electrified    sealiog-way, 

instead  of  (he  g:'"^'  he  held 

near    them,    they    will     fall 

nearer'     tcigL'ther.       If      the 

rubbed  glass  rod  he  sus- 
pended as  shown  In  Fig.  121, 

it  will  be  repelled  by  another 
,1  rahhed  glass  rod,  bat  ut 
jU^Bcted     by    rubbed    sealing - 

1^315.  Two    Kinds    of  Electricity. -2Vte 

tricity  developed  on  glass  is  different  in  kind  from 
that  developed  on  senling-wruv.  Thoy  oxhibifei]  op- 
posite forces  to  a  third  (jleetrified  body,  eat!h  attrnfiting 
what  the  other  repels,' 
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Experiment  22.— Hold  ite  •ilk  pad  in  h  piece  at  slieet  i 
Hid,  with  it.  rut)  t!ie  rIhss  rod.  Suspend  the  gluss  rod  and  bring 
tho  silk  jind  near  it.  The  electrified 
pad  will  attract  the  glaaH,  but  wiU 
ropel  a  su.spended  stick  of  si'allng-wiix 
that  has  been  rubbed  with  fluuueL 

316.  Electric  Separa- 
tion.— -dll  electrified  bodiei 
act  like  either  the  glass  or  the 
fc'iling-ivetx.  WbBn  the  glass 
I'ud  waa  positively  electrified,  an 
equal  amount  of  negatiTe  elec- 
ti'icity  was  EiMultaueously  deyel- 
opedin  the  ailk  with  which  it  was  rubbed.  When  the  seal- 
ing-wax waa  negatively  electTified,  an  equal  amotint  ol 
positive  electricity  was  developed  at  the  aanie  time  in  the 
flannel.  It  is  as  though  the  two  electricities  were  united 
in  these  several  snbstanccs  in  their  ordinary  condition  and' 
were  torn  aaunder  by  the  friction,  thua  producing  acluni 
"electric  separation." 

(a.)  If  it  be  desired  to  bIidw  that  the  rubber  has  been  (•lectriGed. 
curemuBt  be  taken  not  to  handle  it  tiKi  much.  For  eianiple,  itse*!- 
ingjwas  is  to  Ite  robbed  with  a  piece  of  fur,  do  not  take  the  fur  id 
tlio  band,  liuc  taaten  it  to  the  end  nf  a  glass  rod  as  a  handle. 

(6,)  That  tliQ  electriciticB  thus  Bimultaneously  developed  are  op- 
poBite  In  bind  itnd  equal  !□  amnunt  may  be  ebnwn  bj  importing 
the  eleciricitj  of  the  rubber  and  the  electricity  of  tho  thing  robbed 
to  a  third  body,  which  will  then  Bhow  no  electrificatiou  at  all.  The 
equal  anil  opi>oBite  electricities  exactly  neutralize  each  other. 

317.  Tlie  Two  Electricities  Named.—As  Uie 

two  liinds  of  electricity  arc  opposite  in  character,  they 
hare  received  names  that  indicate  opposition.  Tite  eleo- 
^icity  developed  on  glass  by  nibbing  it   with  «3ft 


i  called  positive  or  + .  The  electricity  developed 
X  by  rubbing  it  tt'ith  flannel  is  crilled 
—,  Tlje  typttiB  vitrcoiin  mid  rrsini 
Kpectively  were  foniierlj  used. 

318.  Electric  Series.— In  the  following  liet.  the  subetanceB 
are  luLmed  in  suvli  an  order  tliat,  if  0117  two  be  rubbed  together,  the 
one  that  Btands  earlier  in  the  Beries  becomes  positively  electrified 
and  the  one  tliuC  \s  nieutloued  Inter  becomes  nef^ativel;  electrified : 

r.iBool.Tesin.  gftias,  mlk.THfta/s.  »vtphur,  indiaruhber, guttapercha, 


I' 319.  The  Laws  of  Electrostatics.— The  most 
giortaal;  electrostatic  laws  may  be  stilted  thus : 

K(l-)  Electric  charges  of  like  signs  repel  each  other: 
electric  charges  nf  opposite  signs  attract 
each  other. 

KtS-)  2%.e  force  exerted  between  tiro  electric  charges 
is  directly  propo7'tional  to  their  product 
and  inversely  proportional  to  the  square 
of  the  distance  between  them.  This  ia  inowii 
as  Coulomb's  law.  The  two  charges  are  sup- 
posed to  be  collected  at  two  points,  or  00  two 
.  Q^9 


very  small  spheres.    /  = 


0' 


«.)  Suppose  that  a  and  b  ore  two  eniall  bails,  each  charged  with 
U&tit]r  of  electricity,  that  we  ehall  cnll  unity.  Thtn  the  product 
ff  the  cbargeB  will  be  L  ■  1  —  1.  Next,  suppose  that  A  and  B  are 
two  eimilar  balls,  iliat  .1  is  charged  with  twice  as  much  electricity  vm 
a  and  that,  BimilBrly,  B  has  a  charge  represented  by  8.  The  prod- 
uct of  the  charges  of  ,-1  and  B  will  he  3  k  3=6.  In  other  words,  at 
equal  dislancea,  the  repulsion  lietwcen  A  and  S  will  be  nix  times  as 
great  as  the  repulsion  between  n  and  A. 

(fc.)  Suppose  that  two  electric  charges  or  two  sinftll  electrified 
bndies  CFtie  inch  npart  repel  each  other  with  a  certain  force  ;  at  a  dis- 
tance of  twn  inches,  they  will  repel  each  other  with  a  force  one  quarter 
as  in*Bt ;  at  a  dlstaoce  o(  ten  iticliea.  they  will  repel  each  other  with 
Duly  uni«  per  cent,  uf  the  original  force  at  the  dietanco  ot  ot«  \tK.\i. 


I 
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3S0.  Electi'ical  Units. — Thei-e  are  two  eyetems  c? 
electrkal  iiuits  derived  from  the  fnndomeiital  "O.GX" 
nnite,  one  sut  boJDg  based  ti|)oii  the  attraction  or  repulsion 
exerted  between  two  quantities  of  electricity  and  the 
other  upon  tlie  force  exert«d  between  two  magDet  pok-s. 
The  former  are  termed  electrostatic  units;  tha  latter,;^ 
iromagnetic  nnittt. 

S31.  Electrostatic    Uuit    of  Quantity.— Oac 

unit  of  electricity  is  that  qu-uiiiity  which,  whstt 
placed  at  a  distance,  of  one  centimeter  from  a 
similar  and  equal  quantitij,  repels  it  tvith  a  force 
of  one  dyne.  It  ia  a  C.G.S.  unit  (g  69}  and  has  no 
special  name. 

(a.)  Two  small  Bpbflres,  cliftrgad  iefipectlval}r  with  0  uniM  anct  B 
unitH  of  +  electricity,  are  placed  4  em.  apart ;  find  what  force  they 
exert  oa  one  anolber. 

=  eA9.„efindf  =  «iL8  =  «=3. 
16 

Ana.  Sdynea, 
The  force  in  the  above  example  would  clearly  be  a  force  of  repol- 
oioD.     Had  oce  of  Iheae  charges  been  negative,  the  prftdDCt,  Qxf, 
would  have  had  a  —  value  (algebraic)  and  the  answer  woald  Iwie 

I  been  mimis  3  d/ncs.  Tbe  algebraic  —  Bign,  therefore,  prefixed  Id 
a  force,  indicates  that  it  ia  a  force  of  attTtution,  while  the  ■»■  tfgn 
Bigoifies  a  force  of  Tepulgion. 
322.  The  Test  for  Either  Kind  of  Elec- 
tricity.— When  the  pith  liall  was  attracted  by  the  rnbbed 
glaes  it  became,  during  the  time  of  contact,  charged  with 
the  +  electricity  of  the  glues;  hence  it  was  repelled. 
Wlien  it  was  attracted  by  the  rubbed  eealing-wax  it  lift- 
came,  during  the  time  of  contact,  charged  witli  the  — 
electricity  of  the  wax ;  then  it  was  repelled.     But  either 


By  tbe  fonnola,  /  =  ?-^>.  we  find  /  = 
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B  wax  or  the  glass  attracted  the  uncharged  pith  ball. 
ffe  must,  therefore,  remember  that  attraetion  affords 
no  safe  test  for  the  kind  of  electricity,  while  re- 
pulsion does.  If  glass  nibbed  with  silk  repels  a  body, 
that  body  ia  charged  with  -f-  electricity.  If  sealing-wax 
^pbbed  witli  flannel  repels  a  body,  that  body  is  charged 
-  electricity. 
^^3.  ElectroscopeH.— ^i/i  instrument  used  to 
the  presenoe  of  eleotricity,  or  to  determine 
I  kind,  is  called  an  electroscope.  The  electric  pen- 
alwm  (g  304)  is  a  common  form  of  the  electroecope. 
Two  atripB  of  tha  thinnest  tissno  paper  hanging  side  by 
side  constitute  a  simple  electroscope.  It  is  well  to  prepare 
the  paper  beforehand  by  soaking  in  a  strong  solution  of 
salt  in  water  and  drying. 
The  balanced  straw  (Fig, 
119)  or,  better  yet,  two 
gilded  pith  balls  connected 
by  a  light  needle  of  glass 
or  sealing-wax  balanced 
horizontally  on  a  vertical 

I'lrot,*  or    a    gooBP-r|nill 
lanced  on  the  point  of 
■ewing-needle,  makes  ; 
■renieiit  electroscope. 
SChe  gold   leaf  electro- 
9pe    »    represented     in 
g.  1S9.     A  metallic  rotl.  which  paasea  through  the  corii 
of  a  glass  vessel,  terminates  below  in  two  narrow  strips  of 
lid  leaf  and  libove  in   a  metallic   knob  or   )ilat«.     The 
*  of  the  vessel  is  to  protect  the  leaves  from  disturb- 
by  BJr  currcTits.    The  upper  pai't  of  the  glaaa  is  often 


I  when  the  atmosphere  is  dry,  Tnr  a  moiat  alinOBpliere  renders  itwuli 
tion  far  a  coneiderable  lenji^li  of  time  impnesible. 
ic.)  A  simple  way  of  determining  eiperimentallj  whether  a  body  is 
I  agoodcondocWror  not  is.  to  hold  it  in  the  hand  and  totitb  the  knob 
I  of  a  charged  gold  leaf  electroscope  with  it.  [f  the  eiibatance  be  a 
[  good  conductor,  the  electroscope  will  be  quickly  discharged. 

Experiment  25. — Suspend  a  copper  globe  or  other  metal  body  by 
I  a  allk  thread  and  etribe  it  two  or  three  times  with  a  cat's  skin  ot 
1  fox's  brunh.  Bring  the  gold  leaf  electroacupe  near  the  globe.  The 
I  leayea  will  diverge. 

335.  Electrics. — .■/«■//  sitbsf.nnce,  when  insulated, 
\may  be  sensibly  electrified :  bitt  when  an  itrUnsu,lat6<l 
teonduoior  is  nibbed,  the  electricity  escapes  as  fad 
'as  it  is  developed.    The  old  diTision  of  bodies  into  elec- 
trics and  non-electrics,  or  bodies  that  can  be  electrified 
and  those  that  cannot  be  electrified,  is  nothing  more  than 
a  diyiaion  into  conductors  and  non-conductors. 


336.  Tension. — Electricity  exists  under  widely  dif- 

'  ferent  conditions  with  respect  to  its  ability  to  force  its 

■way  tliroiigh  a  poor  conductor  or  to  leap  across  a  gap. 

The  electricity  developed  in  a  voltaic  cell  will  not  paw 

through  even  a  very  thiu  piece  of  dry  wood  ;   the  stoo- 

fcricity  developed  by  rubbing  the  glass  rod  will  paas  through 

several  feet  of  dry  wood.     It  woald  require  a  battery  of 

many  cells  to  force  a  current  across  an  air-tilled  ^p  of 

Y^ug  of  an  inch.     It  is  not  difQcult  to  force  frictions! 

\  electricity  across  a  gap  of  several  inches,  while  we  all  know 

that,  in  the  case  of  lightning,  electricity  leaps  across  « 

I  gapof  many  hundred  feet.    Ii^ the  one  case,  the  eleolxioitj 

L-iB  Baid  to  be  of  low  {Mt^utial ;  in  the  other  case,  it  is  aei>l 

i  of  high  pot*;utial.     Tlie  terms  "low  teuaion"  wid 

f'high  tenaion"  are  often  used  in  Ihe  same  sense. 
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\  337.  Potential. — The  term,  electrical  potential  (or 

■mply  potential),  has  reference  to  the  electricnl  conditiou 

t  a  body,  or  to  its  degree  of  electrification.    If  the  poteu- 

il  of  J  be  higher  than  that  of  B  and  the  two  bodies  be 

fannected   by  a  good   conductor,   an  electric   current 

I  flow  from,   A    to   B   until    the  potentials    are 

iike.     Ditferonce  of  potential  is  somewhat  analogous  to 

Pifference  of  Uqnid  level  and  gives  rise  to  electromotive 


I   (ft.)  Til e  electric  fonditioD  of  theearth  iR  Bometimes  taken  as  llm 

Mm  or  polential.     Tlie  electric  coaditioD  of  otber  bodieB  is  tlieu 

descrit>ed  as  beiog  a  curtiUD  nniriber  of  units  aliove  or  below  zero  : 

i.e.,  as  being  +  or  — .     In  determining  the  Bow  of  liquids,  it  is  not 

)  kuow  the  height  of  either  reservoir  almve  the  earth's 

r  above  the  aea  level,  but  only  the  head  or  difeitnee  of 

piid  ktd.     SimilMly,  the  differaiee  of  poientiaC  is  what  determinea 

«  direction  and  strength  of  an  electric  current  llawini;  through  a 

□  conductor. 


1 338.  Difference  of  Potential.— 77(,fl  difference 
f  potential  between  two  points  represents  the  ivork 
•at  must  be  done  in.  carrying  a  -f-  unit  of  electricity 
frSSI)  from,  one  point  to  the  other.  The  work  done 
. Drill  be  the  same,  whatever  the  path  along  which  the  unit 
is  moved  from  one  point  to  the  other.  Similarly,  the 
work  done  in  lifting  a  weight  from  one  [wint  to  another 
liigber  level  will  be  the  same  whatever  the  path  along 
1  thfi  weight  is  lifted. 

329.  Electrostatic  Unit  of  Difference  of 
ptential. — The  unit  of  differerLce  of  potential  in 
!  which  exists  between  two  ft/nnfs.  when  it  re- 
'AS  the  expenditure  of  one  erg  to  bring  a  unit 
L+  eleotrioity  from  one  point  to  a-iiotli/Oi'  a^aiusi; 


FRtCTIONAL   ELUr'TlltClTF. 


m'ihe  electric  force.  Let  -i  be  a  small  sphere  positively 
I  electrified  and  P  and  Q,  two  pointe  at  different  dietaDce^ 
from  A.  li  Q  is  jngt  60  far 
-"         ■"-.,_  from   P  that  it  requires  one  eig 

^ "*.,  of  work   to   push  a  unit   of  -|- 

""■-.       ■■         electricity  from   Q  to   P,  there 
•        •       y        will  be  unit  difference  of  poten- 
y  ./       /         tial  between   P   and    Q.      Thb 

'  ..''  unit  has  no  special  name. 

"■■ -  ■"  (a.)  Let   P  and   Q  be  in  the  outer 

Fig.  130.  BuriacBa  of  concentric,  Hplierical,  hIieIIb 

at  the  centre  of  which  ie  A.     To  movu 

either  of  these  BurfaoeB  to  iinj  other 


■the  -I-  nnit  from 

■point  tn  the  snine  aiirCsce  reqairee  no  further  oTercoming  of  fli 
c  forces  and,  thurefore,  no  expenditure  of  wotit.      Such      '^ 
|it  called  an  equipotential  avr/aee. 

330.  Electric  Capacity. — Bodies  vary  in 

0  their  capacity  for  holding  or  accumulating  electricity. 

Tie   dectrostatla  unit  of  capacity  is  the  capacity 

tpf  a  cortducto?'  that  requ-ires  a  charge  of  one   unit 

wf  ilectricity  to  raise  its  potential  from  zero  to 
xnitij.  It  baa  no  special  name.  A  sphere  of  one  ceuti- 
ineler  radius  haj*  unit  capacity.     The  capacities  of  spberoB 

btre  proportional  to  their  radii,     (See  §  359.) 

a)  A  small  cDndueWr  (c.g.,  asphppe  the  size  of  a  pea)  will  require 

a  than  one  unit  to  raise  its  potential  From  0  ffl  1 ;  it  ia  of  small 

Bapacitj.     A  sphere  five  meters  in  diameter  ivill  requires  ntHn;  anitii 

tB  potential  from  0  lo  1  ;  it  is  iif  freat  capacity.     In  ntliir 

ford^  the  eloctroBiatic   capacity   of  a  conductor  or  condeoaer   i  < 

1  by  the  quantity  of  electricity  which  mnBt'lie  imparted  to 

n  order  to  raiae  its  |Hit«otlal  from  0  lo  1, 

'■  331.  Charging  by  Contact.— If  aa  insulated,  nn- 

xtriiied  conductor  be  broaght  iuU)  contact  with  m 


)ar  conductor  that  is  olGutrifled,  or  uciir  Emougb  to  it  f 

the  easy  jwesage  of  an  elt'otrii;  spark,  electricity  will  f 
from  the  latter  to  the  former  iiutil  the  two  conductors  are 
cquiilly  charged  with  the  same  kind  of  electricity, ; 
til  they  are  of  the  same  potential.     The  former  is  sai^ 
to  be  charged  hy  eonditotion. 


Fig.   131. 


332.  Electrostatic  Induction.— Fi-om  several  ff 
the  preceding  cxiioriments,  we  see  that  uctuul  oontfict  with 
an  electrified  body  is 
not  necessary  for  the 
manifestation  of  electri 
action  in  aa  unelectri- 
fied  body.  When  an 
elec trifled  iiody,  C,  is 
brought  near  an  insu- 
lated, unelectrifled  con- 
duetor,  B,  pn»vidod 
witti  electric  pen  d  11- 
Innis,  as  shown  in  Fig.  131,  the  latter  shows  electric  ac- 
tion. The  electricity  of  0  repels  one  kind  of  electricity 
in  B  and  attracts  the  other,  thns  separating  them.  The 
second  body,  B,  is  then  said  to  be  polarized. 

The  two  kinds  of  electricity  in  B,  each  of  which  a  mo- " 
ment  ivgo  rendered  the  other  puwerleaa,  are  still  there,  but 
they  have  been  separated  and  each  clothed  with  its  proper 
power.  This  effect  is  duo  to  tho  action  of  the  electrified 
body,  G,  which  is  said  to  produce  electric  separation  hy 
induction.  This  action  will  take  place  across  a  consider- 
able distance,  even  if  a  large  sheet  of  glass  be  held  l>e- 
tween  B  and  C.  When  C  is  removed,  the  separated  elec- 
g  0^  J3-^^m  JuJA^e  and  neutioVlze  eacV  o^%x. 


4 
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(a.J  Conductors  (or  the  purpoaos  of  this  ood  Btmilar  experimtiiiU 
ma;  be  madu  of  wood,  covered  with  tiu-fuil,  ^1d  leaf  or  Dulch 
leaf.  Tlioy  (uay  be  laBulated  by  faateniiig  thpm  oa  top  of  long- 
necked  bottleB  or  Bticbs  of  aealing-was.  or  hj  siiapending  them  by 
BJIk  tlireada. 

(6.)  Prick  a  pin-hole  in  each  end  of  a  lien's  egg  and  blow  ont  ilie 
contents  of  the  shell.  Paste  tiu-foil  or  Dutcli  leaf  smootlilj  over 
tli(i  wUole  surface  of  the  egg.  Fasten  one  end  of  a  white  silk  thread 
to  the  egg  with  a  drop 
^^^^■^^^f  i^^^^^^^M^^™  of  melted  sealing-wai, 
BO  that  the  egg  maj 
hang  flospended  with  its 
greater  diameter  hori- 
zontal. Three  or  foar 
such  Insulated  conduc- 
tors will  be  found  con- 


is  better  for  each  e^  to 

have    two    thread  sup. 

Fig.   132.  |)ort8.      Place  n  loop  of 

ring  at  Ibe  free  end  of 

each  thread.     When  the  loops  are  placed  on  a  horizontal  rod  (aj.,  a 

piece  of  glass  tubing),  (he  greater  diameters  of  tbc  euspendi^  <>ggB 

should  lie  in  the  same  Sitraight  line.     An  elongated  condudor  hke 

AB  uf  Fig.  lS<i  may  be  made  by  hanging  two  or  three  egg  cod 


ductors,  so  that  they  a 


iS  shown  in  Fig.  lUS. 


Experimetit  26. — While  the  chargcil  glaas  rod  is  held  near  lb# 
egg  conductorB,  shown  in  Fig.  133.  bring  a.  pith  ball  oluctmBuopt 
near.  Tlie  attraction  will  be  evident  ut  tho  free  onda  of  the  im 
eggs,  but  very  little,  if  any,  will  be  found  at  or  ce«r  the  point 
where  the  cgg^:  ate  in  contact. 

333.  A  Neutral  Jjine.^If  an  ttisQlated  conductor, 

bearing  a  number  of  pith  ball  (or  paper)  electrosoopea,  be 
brought  near  an  electrified  body,  C,  (Fig.  133).  but  not 
near  enough  for  a  sparl*  to  pass  between  them,  the  [lit-li 
balls  near  the  ends  of  tbe  nonduetor  will  diverge,  showing 
the  presence  of  separated  or  nneorabined  oleotricity.  The 
pith  balls  at  the  middle  of  tlie^ralanzedoonductur-will-not 
iterge,  m^kiog  thus  11  neuWaV  Vvun.    M  C 


,  the  charge  at  A  will  be  negative  and  thut  at  IS 
i  ptisitive,  us  may  be  shown  by  cliarjfing  an  elec 
bnduhim  and  testing  at  A  and  B. 


f  G  be-  reniovi'd  ur  "  di.-i'iiiiigi-u  "  iiv  i.uiicbing  it  with 
!  hand,  al!  traeus  of  electrical  separation  \a  A  B  will 
sappear.      The  charged  pith  ball  will  be  attracted  at 
"cTCry  point  ot  A  B. 

Experiment  27.— While  the cIiBrig;^^  glass  rod'is  held  near  the 
g  conductors  bIiowu  In  Pig,  133,  slide  the  loop,  carrying  A  about 
"  169(10  (TO.)  to  the  left  and  then  hold  the  rod  l«tween  the  two 
The  rod  wiS  repel  one  egg  and  attract  the  ot/ter. 


,  Charging  a  Body  by  luduction.— If  thu 

i  conductor  be  touched  with  the  hiind,  or  otber- 

ced  in  electric  comniunieation  with  the  earth,  the 

Bctricity  repelled  by  C  {Fig.  133)  will  escape,  and  the 

1  balls  at  B  will  fall  together.     The  electricity  at  the 

r  end  will  be  held  by  the  matnitl  attraction  Iwtween 

I  opposite  kind  at  C,     The  line  of  eommunica- 
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jeing  removecl  from  tho  vicinity  of  0,  it  will  be  I 

irged  with  electricity  opposite  in  kind  to  that  of  C 

A.  body  may  be  thus  charged  by   induction,  wim 

J  loss  to  tJm  inducing  body.     If  the  conductor,  AS. 

I   made   in   two  parts  and   the  pai'ts  separated,    wbile 

ihder  the  inductive  action  of  tho  electrlSod  body,  0,  the 

l%WO  electricities  can  no  longer  retnm  to  neutralize  eacU 

K'other,  but  must  remain,  each  on  its  own  portion  of  thi.' 

\  oondnotor.     Tho  two  purta  will  thus  bu  oppositely  charged, 

335.  Successive  Induction. — If  a  seriea  of  iuau- 
llated  cond-uctore,  like  the  egg  ahellB  of  Fig.  133,  be  placed 
ihown  in  Fig.  134,  and  a  positively  electrified 


body  be  brought  ucur,  uauli  conductor  will  be  iKdjiri/.-'d. 
IThe  first  will  bo  polarized  by  (be  influence  of  the  +  of 
f  C;  tho  second  by  the  inflnence  of  the  +  of  M,  and  so  on. 

(«,)  Eitlier  kind  (it  eli-ctridty  may  be  carried  from  3f  or  Jf  ht» 
"Bmiill  insulated  body,  irftllpd  a  proof-plane  (Fig.  139),  to  the  elpc 
twsoope,  tliere  tested  and  found  to  be  as  represented  in  thtr  fiffnra 
If  the  conductore,  ^nnd  Jf,  be  now  plspod  in  actual  eoiitaet,  the  + 
'./■  btitb  win  be  repelled  by  C  to  the  furthest  exInTuitj-  of  if  and 
tie  —  of  bQth  will  be  tUinusted  buUieQvV^^^ew^^^^ 


IB  very  plain  that  anj  body  may  be  looked  apon  ob  a  coIIK' 
B  of  11UU17  parallel  eeriee  of  each  couducturs,  eucli  molecule  F^p- 
Benting  a  conductor.  TIiub,  eacb  molecule  may  be  polarized,  + 
at  one  end  and  —  at  tbe  other.  If  the  body  in  question  be  a  good 
coodiu^lot  of  electricity,  f  Aia  polaruntioit  of  the  moieculei  it  oidy  fur 
am  inHant.  The  two  electricitU'H  jibsh  from  molecule  to  moleciilo 
and  ttcciminlate  nt  oppoaite  ends  of  the  body.  Tlie  body  is  tli«n 
polariwid,  but  not  the  molecoles  of  tbii  body.  On  the  other  hauJ, 
good  insulators  resist  this  tendency  tulruimniit  the  electricities  froni 
tnoleculu  to  molecule  and  are  able  I0  iiiainlain  a  high  degree  \<\ 
molocaiar  polnriaition  for  a  great  length  of  tiioe.  In  brief,  the 
molecnlen  of  conductors  i^osily  diiicliurge  their  elecCriciticB  into  each 
other ;  thue^  of  non-(»uductors  do  not. 


Wf  336.  Polarization    Precedes    Attractioii.- 

VWheD  an  electrified  glass  rod  i^  brought  near  an  electriu 
pendulum,  t!ie  pith  ball  is  polarized 
as  shown  in  the  figure.     As  the  — 
electricity  of  the  ball  ia  nearer  the  +       J^  ^ 

of  the  glass  than  is  tlie  +  of  the  hall,  C  ^  L. 
the  attraetion  ia  greater  than  tlie  ris  — 
pulsion.  If  the  pith  ball  he  sus- 
pended, not  hy  a  silk  thread  but  by  some  good  conductor, 
the  attraction  will  he  more  marked,  for  the  -f  of  Uio  ball 
will  escape  to  the  earth  through  the  support  and,  thus,  the 
repelling  component  will  be  removed. 


riu        II 


Nott. — Polarization  and  electrification  by  ii 
many  electrical  phenomenu. 


i.usplsi 


a  great 


337.   ProviBioiial    Theory  of  Electricity.— 

While  the  veal  nature  of  electricity  remains  unknown,  tJic 
following  theory  will  be  found  convenient  for  classifying 
38ult8  alrendj  attained  and  suggesting  directions  for  fiir- 
f  inquiry.  But  we  must  not  let  it  iiifiueuce  our  juclg- 
«  to  yfiJBl  is  the  true  and  full  esjlaaaWoti  ut  ^-y^ 
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tricttl  phemnneiia,  which  explanation  may  be  found  here- 
after: 

(1.)  We  may  assume  that  a  neutral  or  itnelectri- 
fied  body  contains  equal  and  equ-aZly  dis- 
tributed  quantities  of  positive  and  of  nega- 
tive eleotriciiy. 

(2.)  Wb  may  assume  these  electrioities  to  ie  un- 
limited  in  amount. 

(3.)  We  shall  then  conceive  that  a  positively  elec- 
trified body  has  an  excess  of  +  eleetrtdiy 
and  that  a  negatively  electrified  body  has 
an  excess  of  —  electricity. 

(4.)  In  this  light,  we  shall  see  that  communi- 
cating  +  electricity  to  a  body  is  equivor 
lent  to  removing  an  equal  amount  of  — 
electricity  from  it.  and  conversely. 

338.  The   Electrophoriis. — This  simple  instrn- 

menfc  consists  generally  of  a  shallow  tinned  pan  filled  with 
resin,  on  which  rests  &  movable  metallic  cover  with  a  glass 
or  other  insulating  handle.  The  resinous  plate  may  )vi 
replaced  by  a  piece  ot  vulcanized  india-rubber.  The  metal 
surface  and  the  resinous  surface  touch  at  only  a  few 
points;  they  arc  practically  sepitrated  by  a  thin  layer  of 
insulatiag  aii'. 

(a.)  The   rGsiiioDB  plate   may  bo   prepared  bj  melting   together 

I  equal  quantities  oi  resin  and  Venice  turpentine  and  then  addinft  ■ 
like  quantitj  of  shellac.  The  Bubstancea  sbould  lie  heated  gtadnallf 
and  stirred  b^getlier  bu  aa  to  prevent  the  forming  of  bubbles.  Bo 
careful  that  ihi^  miitarii  lioea  not  take  Era  in  ciiurws  of  preparation, 
The  Vi-uii'C  turpentine  is  ilrBirable.bnt  not iiece»Bar7.  FcrahandK 
A  atant  wire  ma_T  be  soldered  to  the  renlre  nf  the  disc  and  eoversd 
With  rabbet  tal:diig,  or  a  piece  o!  BQ«lni&'v<cL,<A  wivnonteU 


way  that 


may  be  fastpoed  to  tlie  diec  for  the  4>urpoBe.     A  still  better  {iIbji  ic 

la  make  thecuvtr  nt  w<kx1,  a,  little  less  io  diaui<-l«r  tlinri  iLe  resiruius 

|ilate.     Its  edgeB  shoiilil  be  curefoUy  rouudcd  off.     For  u  IiqiiiJIf,  h 

glass  rod  or  tube  maj  be  tightly 

tkniBt  or  cemented  into  a  bole  m 

ibe  middle  of  the  cover.     Place  tiu- 

foi!  bU  over  the  cover  and  araonlU 

iown  all   rough  ed_;e8  of  llie  foil 

with  the  finger-nail  ur  paper-ftJder. 

The  wire  Bupport  for  a  pitb  ball  .ir 

pa{>ei  eleetroaeope  may  bo  llinisi 

iuto  the  wood  of  the  cover,  .^are  hi- 

ing  taken  that  it  touches  die  tiii- 

loiL 

(6,J  For  an  eleL-troaco]*  for  the 
electrophorus,  provide  a  bit  of  wire 
about  8  cm.  long  and  bend  it  at 
right  angles  about  1  em,  from  each 
end.  Solder  one  of  the  bent  anna 
of  the  wire  (see  Apjiendix  B]  to 
the  nppor  side  of  the  metal  ei 
the  central  part  of  the  wire  Bhall  be  vortiial.  Cut  a  strip  of  gold 
leaf  (or  Dntoh  metal)  aboat  8  f.in.  long  and  8  mm.  wide.  Moisten 
the  tidei  of  the  free  lioriwmtHl  wire-nrm  with  a  little  mueiiage. 
place  the  middle  of  the  gold-lcaC  strip  over  the  top  of  the  aim  and 
bring  the  ends  of  the  leaf  down  to  a  vertie*!  position,  touching  each 
other.  The  mucilage  will  hold  the  leaf  to  the  wire.  Wlien  the 
wire  support  and  gold  leaves  are  electrified,  the  latter  will  diverge. 
When  the  appajatuB  is  not  in  use,  this  electroscope  may  bo  protected 
by  inverting  a  tumbler  or  beuker  glaai  iivt-r  it. 

(e.)  The  pkle  is  rubbed  or  struck  with  flannel  or  calskin  and 
thus  negatively  elwtrified.  The  cover  is  ihiwi  placed  iiiNin  tlie  resin 
and  tboa  polarised  by  induction.  If  the  cover  be  provided  witli  a 
gnid-leaf  electroscope,  the  free  negative  electricity  of  the  cover  will 
cause  the  leaves  to  diverge  ;  the  positive  electricity  of  the  cover 
will  be  "bound"  on  the  nnder  side  of  the  cover  by  the  attraction 
of  tho  negative  elertriclty  of  the  I'eBin.  Remove  the  cfjvpr  and  the 
separated  elHctricilies  reunite,  as  is  ubowo  by  the  falling  together  of 
(lie  lately  divergent  gold  leaven  Place  ibe  cover  again  upon  the 
rPHin.  Polarisation  Ih  manlfiwled  by  the  dirergencfl  of  the  leavea. 
Touch  the  cover  with  the  finger  us  showa  in  the  figure:  thi-  — 
flectrieity  escapes  and  the  leaves  fall  The  cover  Is  now  charged 
jK^tively.  but  ite  eleclricit/  is  all  "  hound"  at  its  voAm  sartaw 
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the  real  origin  of  tlie  enur^jy  stored  up  in  the  aoparate 
chargea," 

Experiment  28,— Insnkle  a  metal  globe  and  provide  it  with  two 
clueelj'  fitting  heDiiB))herit:al  shells  that  havi;  inuulBting  h&odlM. 
Electrify  the  globe  ;  bring  it  neat  the  elect roacope  to  be  sure  ihiil  jlie 
electrified.  Place  the  hemisplierea  upna  the  globe.  Roniove  tlinn 
qaickl;,  being  carefal  that  their  edges  do  not  touch  the  spliert 
afterthe  first  separation.  (ITi^,  138.)  Bring  Erst  one  shell  aud  then 
the  other  near  the  electroscope ;  the.v  are  electrified.  Briog  the  globe 
iiaelf  near  the  electroscope.  It  U  no  longer  dectrified.  Delieile 
lUBtiip Illation  is  needed  to  make  tlie  experiment  siiccoBafiil.  You 
TFill  fail,  perhaps,  more  times  tJian  you  succeed.  But  when  tlie  , 
experiment  is  Buccessful,  it  is  instructive.  The  apparatus  iaa 
Blot'i  hemispherei. 


Experiment  29.— By  means  o(  a  few  BpackB  imtr  the  eleeK* 
fduffue,  charge  m  inBuUted  1mA\dy(  B^^iers/wms  aa  orifice  In  ft« 


Wp,  Bring  a  proof  plane  (made  bj  fastening  a  diac  of  gilt  paper  to 
a  long.  Lhin  insulating  handle)  luto  contact  with  the  uuter  eurface 
ol'tbi;  sphiire.  The  pi'oof-plttue  1b  cliarged  by  tbu  etihere,  as  may  ba 
Bbmvn  by  bringing  il  near  uu  electroscope.  DiBcliargo  the  proof 
plane  and  bring  it  iulo  cdnlact  with  the  inner  eurtace  of  tin?  sphere. 
Remove  It  carefnlly  withoot  allowing  it  to  toacb  the  Hides  of  the 
orifice.  Bring  it  to  tlie  elccl roBcope.  11  U  not  charged.  (Fig.  189.) 
An  empty  liu  fruit  can  Hupported  on  a  clean,  dry,  glass  tumble*  will 
answer  for  the  experiment. 

Experiment  30.— Make  a  conical  bag 
of  linen,  supported,  as  shown  in  Fig. 
140,  by  an  inauiated  metal  hoop  five  or 
six  inohea  in  diameter.  Charge  the  bag 
witli  the  electrophoruB.  A  long  ^Ik 
thread  extending  each  way  I'mm  the 
apes  (if  the  cone  will  enable  you  to  turn 
the  bag  iaaide  out  without  discharging 
it.  Test  the  inside  and  outeidi!  of  the 
bag,  using  the  proof-plane  di^scribed 
above?.  Turn  the  bag  nnd  rejieat  the 
test.  Whichever  aurface  of  tliB  linen  is 
external,  ao deetricity eaabe  finmilnpon 
the  iaaide  of  the  bag.  Nothing  can  be 
taore  conclusive  than  this. 

Experiment  31. — Vary  the  experiment  by  the  use  of  a  hat  sus- 
pended  by  silk  threads.     Notice   lliat  the  greatest  charge  can  be 
obtained  from  the  edges  :  less  fwin  the  curved  or  flat  surface  ;  none 
^^^KD  the  inside. 

^B@41.  A  Charg:e  ReMdes  on  the  Surface.— 

l^^Hany  experiments  have  been  made  showing  that  wlien  a 
conduictor  is  electrified,  the  electricity  passes  to  the 
surface  and  escapes  if  the  body  "be  not  insulated. 
A  boinl)-shell  and  a  cannon  ball  of  equal  diameter  will 
receive  equal  quantities  of  electricity  from  the  same  source. 
The  hollow  conductors  commonly  used  in  experiments  with 
static  electricity  are  as  serviceable  as  if  they  were  & 
A  wooden  prime  conductor  coated  witti  go\4-\ea.l  i 
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efficient  aa  if  it  were  made  of  solid  gold.  Experiment  it 
unable  to  find  any  difference  in  this  resiwut  between  a 
solid  sphere  of  metal  and  tlie  thiunesL  Eoaj)-biibb|e  of  the 
same  diameter. 

(a.)  This  does  not  apply  to  an  electric  current.  A  liollnw  wir 
-wil]  not  conduct  electricity  aa  wttU  as  a  sulid  wire  of  the  bum 
diameter.  Eiectiicitj  aiaj  be  draiva  to  the  iDslde  of  il  hollow  con- 
ductor ii;  placing'  there  an  electrized,  ioBulated  hody . 

(b.)  The  linen  bog  of  Experiment  30  wae  devised  by  MJchid 
Faraday,  but  lits  niOBI  striking  experiment  was  made  with  a.  wooden 
cage,  meaauring  13  feet  each  way,  covered  with  IJn-foil,  insulated 
and  cliarged  hy  a  potTerfnl  electric  machine.  He  carried  bis  most 
delicaLe  electroBcopea  into  this  cage.  I.arge  sparks  and  bruahea 
were  darting  off  from  every  part  of  the  outer  surface,  but  the  phil- 
DBopher  and  his  aensitive  instruuienls  witliin  the  cage  &iled  Ic 
detect  the  least  electric  influence. 

Experiment  32. — Place  a  carrot  horizontally  upon  an  insulatinf 

support.  Into  one  end  of  the  carrot,  stick  a  gewinft-needle.  Bt'io^ 
tbe  electrifli^  glaaa  rod  near  the  point  of  the  needle  without  touching 
it.  The  —  ulectricity  of  the  carrot  quietly  cncapee  from  the  point 
to  the  rod  and  the  carrot  is  charged  with  the  4-  electricity  that 


342.  Density. — Experiments  show  that  when  a  spher 
ical  conductor  is  charged,  the  electricity  is  evenly  dit 
tiibnted  over  the  surface,  provided  no  ottier  electrified 
body  be  near  to  affect  tlie  distribation  by  indaction.  Tha 
electric  density  (or  number  of  electrical  nnita  per  unit  ai 
area)  is  the  same  at  every  point.  Experiments  on  m 
elongated  cylinder,  like  the  prime  conductor  of  the  elec- 
tric muchine,  show  that  the  density  is  greater  at  the  esds. 
On  an  egg-shaped  conductor,  like  that  shown  in  Fig.  lU, 
the  density  is  greatest  at  the  smaller  end.  In  generai, 
the  electric  density  is  very  great  at  any  pointed 
part  of  a  char0tl  ooftductor. 


,■  Tliia  density  at  a  point  may  become  so  ^at  that  the 
"Bctricity  will  eaoapo  rapidly  and  quietly,  tlie  air  particles 


quickly  carrying  ofi'  the  charge  by  convection.  This 
.explaius  the  effect  of  pointed  conductors,  which  plays  so 
important  a  part  in  the  action  of  electric  mnchineB.  This 
property  will  be  illustrated  in  sevoral  of  the  experinionta 
of  §  371.  It  is  fundamental  to  the  quiet  action  of  light- 
ning rods. 

343.  Electric  Machines.— Machines  have  been 
made  for  developing  larger  supplies  of  electricity  more 
easily  than  can  be  done  with  a  rod  of  glaas  or  sealing-wax 
or  with  the  electrophorus.  Each  of  them  consists  of  one 
jiart  for  jiroducing  the  electricity  and  another  part  for 
collecting  it. 

344.  The  Plate  Electric  Machine.— This  in- 
strument is  represented  in  Fig.  142.  It  conaista  of  an  in- 
snlatwr  (or  electric),  a  rubber,  a  negative  and  a  positive  or 
(irimo  conductor.  The  electric  isaglass  (or  ebonite)  plate, 
A,  generally  one,  two  or  three  feet  in  diameter.  This  plata 
lias  an  axis,  B,  and  handle,  C,  and  is  supported  upon  two 
Upright  columna.    The  rubber,  D,  is  made  at  two  qo&K- 


ions  of  Bilk  or  leather,  covered  with  amalgam  (seo  g  30%ii). 
They  press  upon  tlie  sides  of  the  plato  iind  arc  supported 


from  the  negative  condnctor,  witli  which  they  are  in 
electric  connection.  The  negative  condnctor,  -V,  is  Btip- 
ported  upon  an  insulutiiig  colnmn  and,  "when  only  poai- 
tive  electricity  i a  desired,  is  placed  in  electrical  connection 
with  the  earth  hy  moans  of  a  chain  or  wire,  W.  The 
prime  condnctor.  P.  is  insulated.  One  end  of  tho  prime 
conductor  terminates  in  two  arms,  F,  which  extend  one 
on  either  dde  of  the  plate.  These  arms,  being  studded 
urith  points  projecting  toward  the  plate,  are  called  combt. 
The  teeth  of  the  combs  do  ant  quite  tonch  the  plate.  A 
silk  hag,  S,  is  often  supported  bo  as  to  enclose  the  lower 
part  of  the  plat*.  All  parts  of  the  instrument  except  thir 
teeth  of  tlie  combs  are  carefully  rounded  and  polished. 
sharp  points  and  edges  beins:  avoided  to  prevent  the  es- 
cape of  electricity  as  already  explained.  This  avoiding  of 
points  and  edges  is  to  be  regarded  iti  sill  apparatoe  for  BH 
i  with  clectncity  of  high  potentiaL 
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n.)  Tiie  pnpU  maj  make  a  plate  mBchine  cvlthnnt  murti  eipenee. 
till  cut  for  liiin  a  disc  of  jiiuie  glass,  pijssiblj-  .'rom  a 
n  l]uD<i.  The  edgus  of  Ihia  (iisc  muy  bo  rounded  on  a  wet 
grindBlone.  A  hole  iiiuy  be  Iwred  iti  Lhe  middle  with  a  round  file 
kept  muisteniid  with  atiolution  of  cuuiphurin  tur]>pnliiie.  The  cou' 
ductord.  JV  ao'i  I',  niny  iw  made  of  wood  covered  with  gold- foil  or 
F  Dnteh  leaf  and  aup]>OTt«i]  im  piecis  of  stout  glnss  tubing.  The 
me  conduelor  maj  well  hove  two  sncli  Biipports.  The  oruia  muy 
lut  wires  ihniBt  into  the  end  of  a  prime  condm-tor, 
iheir  free  ends  bfinjr  provided  with  konha  of  lead  or  other  lueral, 
Q  combs  maj  be  made  hj  soldering  pin  poiuta  to  outi  aide  of  i>arh 
arm.  See  tliat  the  gold-fiiil  itiakee  actual  conlact  with  the  metal 
arma.  See  that  ail  metal  [nirts  except  the  giin  points  are  polished 
smooth.  The  criumna  fliat  aupport  the  pUte  Diay  be  made  of  eea- 
^tttUted  wood.  The  part  of  the  handle  to  which  the  liaod  is  applied 
^Bbaj  be   mode  of  glass  or  Insulated   b;  corering  it  witli    rubber 

^B  345.  Operation  of  the  Plate  Macbine.— The 

^^Rate  h  tunied  )iy  the  Itandle.  Electric  sejiaration  is  pro- 
linced  by  tiie  friL'tiou  of  the  rubbers.  The  +  electricity  of 
the  rubber  iiud  negative  conductor  jutases  tu  the  plate ;  the 
-r  electricity  of  the  plate  paases  to  the  rubber  and  negative 
candnctor.  Tlie  part  of  the  plate  thus  positively  charged 
passes  to  the  comba  of  the  prime  conductor.  The  -f  of 
the  plttte  acts  inductivelj-'upon  the  prime  eondnetor.  polar- 
iRes  it,  repels  the  +  and  attracts  the  —  electricities.  Some 
of  the  —  electricity  thns  attracted  streams  from  the  points 
of  the  comba  tigainst  the  glass,  while  some  of  the  +  elec- 
tricity of  the  gliiss  escapes  to  the  prime  conductor.  This 
nentralizes  that  part  of  tiie  plate,  or  restores  its  electric 
equiiibrium,  nud  leaves  the  prime  conductor  positively 
charged.  Aa  each  successive  part  of  the  plat«  passes  the 
rubber,  it  gives  off  —  electricity  and  fakes  an  ofiual 
amount  of  +  ;  as  it  passes  between  the  combs  it  gives  off 
its  +  electricity  and  takes  an  equal  amount  ol  — .    T\\^ 
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F  rubber  and  negative  conductor  are  kept  in  equilibrimn  by 
I  means  uf  tlieir  couuectioii  with  the  earth,  *'  the  commoo 
[reservoir,"  As  the  plat-e  revolves,  the  lower  part,  pasEing 
I  irom  JV to /*,  is  positively  charged;  the  upper  part,  pass- 
I  ingirom  P  to  N,  is  neutralized.  If  negative  electricity 
[  be  desired,  the  ground  connection  is  ehangcd  from  N  to 
I  P  and  the  charge  taken  from  N. 

I      346.  The   Dielectric    Machine. — This  instru- 
ment is  represented  in  Fig.  143,     Two  plates  of  vulcanite 
L  (ebonite),  A  and  B,  overlap  each  other  without  touching 
I  and  revolve  in  opposite  directions.     The  upper  plate  is 
I  made  to  revolve  much  more  rapidly  than  the  lower  by 
r  means  of  the  pulleys  shown  at  the  right  of  the  ligure. 
I   The  prime  conductor  and  the  axes  of  the  two  plates  ore 
I   carried  by  two  insulating  pillars.     From  the  prime  con- 
I   ductor,  a  comb  is  presented  to  the  upper  part  of  the  upper 
plate.    Anotherconib  is  presented  to  that  part  of  /(  which 
is  overlapped  by  the  upper  part  of  B.    This  comb  is  con- 
nected by  a  universal  joint  at  e  with  a  discharging  rod  and 
ball,  which  may  he  brought  near  the  end  of  the  prime 
conductor  or  turned  away  from  it.     The  mbhera  and  the 
[   lower  comb  are  to  be  in  electrical  communication  with 
I  the  earth.     The  general  arrangement  ie  clearly  set  forth 
[   in  the  figure. 

I       347.  Operation  of  tite  Dielectric  Blaefaine. — 

i  The  plate,  B,  ia  turned  directly  by  the  handle  and  the 
[  plate.  A,  indirectly  by  the  aid  of  the  pulley.  The  plat«. 
[  B,  is  negatively  electrified  by  friction  with  the  mbber 
I  and  thus  acts  by  induction  upon  the  lower  part  of  A, 
\wbiob  is  thua  polarized.     Thfi  -v  of  this  part  at  An 


Old  by  the  attraction  of  the  —  of  B,  while  the  —  of 
MB  repelled,  esciipps  by  the  kiwer  romb  iiud  is  roplat^ 
by  +  from  the  ciirtli 
tUroTigh  the  lower 
eomb  and  ita  ground 
connection.  This  part 
of  4  thus  po'.iti\eh 
chargLd  is  s)on  il 
move  1  from  the  in  In 
ing  body  and  the  + 
charge  hounl  bv  B  is 
set  free  It  tjjeii 
comes  t  the  upjtr 
comb  polarizes  it  md 
the  pr  me  l  ndnctjr 
and  txchm^e'^  s  me  of 
ita  >wii  +  for  an  equal 
amount  of  —  from  the 
prime  conductor.  This 
neutralizes  that  jiart  of  t!ic  upper  plato  and  leaves  the 
prime  conductor  positively  charged.  As  ouch  successive 
part  of  A  passes  the  lower  comb,  it  givoa  off  —  electricity 
and  takes  an  equal  amount  of  +  ;  as  it  passes  the  upper 
comb,  it  gives  off  +  electricity  and  receives  an  equal 
amount  of  — .  The  charge  of  B  ia  continually  main- 
tained by  friction  with  the  rubber.  When  the  discharging 
rod  and  ball  are  brought  near  the  prime  conductor,  aa 
shown  in  the  figure,  a  rapid  auccesaion  of  sparks  is  ]irn- 
dnced,  owing  to  the  recombination  of  the  separated  elec- 
ricities.    If  another  body  is  to  be  charged  from  the  prime 

dcotor,  the  ball  and  rod  may  be  turned  asiilc.    The 
isn^^^  this  machine  is  greater  tban  t^tat  oi  Viatt  -^^ia 


Fig.  143. 


or  cylinder  machine.  It  is  leBS  affected  by  atmospheric 
moisture  and  is  more  compact,  but  the  vulcanite  platfs 
Boem  to  doteriorate  with  use.  They  should  he  washwl 
occasionally  with  aainioiiia  water  aud  ruhbed  with  paraf- 
fin oil.  Machines  of  similar  construction,  but  liavi 
glass  plates,  arc  made. 


348.  The  Holtz  Electric  Macliiiie.— Thi»^ 

strument  is  represented  in  Fig.  144,    It  contains  two  thin, 
i_  _^  circular  plates  of 

^  ^^fc^i*^'       holes  in  the  fixed 

^'"^  144-  piate    near    the 

extremities  of  ita  horizontal  diameter.     To  the  Bidee  of 

these  openings  are  fastened  paper  liands  called  armalum. 

The  annatnres  point  iu  a  direction  opposite  to  that  in 

which  the  revolving  plat*  moves.    Opposite  these  armatttne 

and  separated  from  tliem  by  the  revolving  plak',  are  two 

metallic  combs,  connected  respectively  with  the  two  knobs 

and  Leyden  jars  shown  in  the  front  of  the  pictnre.     One  of . 

^L     these  knobs  is  carried  by  a  sliding  rod  bo  that  their  distance 

^B     apart  is  easily  adjusted.     When  this  machine  works  well,  it 

^K   ^vos  results" superior  to  cither  of  thnse  previonsly  mentioned. 

^^^It  is,  however,  pecnliarly  subject  to  atmospheric  condition 

^^■uitj  18  geaerallj  consideted  e^tTein«^\'3  ua-^cvcUma. 


|349.  Action  of  the  Holtz  Machine.— To  un- 

rstand  tho  action  of  this  machine  recjuires  careful  atten- 
tion. The  knolie  are  placed  in  contact  and  a  small  iuitial 
charge  is  given  fco  one  of  the  armatures  by  somy  charged 
body,  as  a  piece  of  ynlcatiite  or  a  glass  rod.  The  handle 
is  then  turned,  the  effort  necessary  to  keep  u])  the  motion 
iucreasing  rapidly.  The  kuoba  are  then  separated  and  a 
series  of  discharges  takes  ])lace  between  them. 

(a.)  Suppoai?  a,  Btnall  +  charge  to  be  ini|iurted  nt  tlie  oulHPt  to  the 
right  Bjmiilura.  This  chargR  acts  inductively  across  the  ri'Volvirg 
plftto  upon  the  metnllic  ctrnib,  repels  ^■  electricity  Ihrougli  it  and 
leaTBS  tlie  iwinla  negatively' electrified.  They  diecliarge  negatively 
electrified  air  upon  the  front  Eurfoce  of  tlie  movable  plate  ;  tho  re- 
pelled +  charge  paases  through  the  brasB  rode  and  balk  and  ia  dis- 
charged through  the  left  comb  upon  the  front  aide  of  the  movable 
disc.  Here  it  acts  inductively  upon  the  paper  armature,  caunng 
that  part  of  it  which  ia  opposite  itself  to  be  negatively  charged  and 
repelling  a  +  chai^  into  its  farthest  part,  ei>.,  inti)  the  armature. 
This,  being  bluntly  pointed,  slowly  dischargi'H  a  +  charge  upon 
the  back  of  the  movable  plate.  When  the  plat«  ia  turned  round, 
this  +  charge  on  the  bach  comes  over  from  the  left  to  the  right  side 
and,  when  it  gets  opposite  the  comb,  increnses  tho  inductive  effect 
of  the  already  existing  +  charge  on  the  armature  and.  therefore, 
repels  more  electricity  through  the  brass  mis  and  knobs  into  the 
left  comb.  Meantime  the  —  charge,  which  we  saw  had  been  in- 
duced in  the  left  armature,  has  in  turn  acted  on  the  left  comb,  cuus- 
ing  a  -I-  charge  to  be  discharged  by  tlie  [loints  upon  the  froniL  of  the 
plate  and,  drawing  electricity  through  the  brass  rods  und  hmibs, 
has  made  the  right  comb  still  moro  highly  — ,  increasing  the  dis- 
charge of  n^atively  electrified  air  upon  the  front  of  the  plate, 
neutraiiaiug  the  +  charge  which  is  being  conveyed  over  from  tlie 
left.  These  actions  result  in  canxing  the  top  half  of  the  moving 
disc  to  be  positivelj  electrified  on  both  sides  and  tho  bottom  half  of 
the  disc  to  bo  negatively  electrified.  The  charges  on  the  front 
serve,  AS  they  are  carried  mund,  to  neutralize  the  electricities  let  off 
by  the  points  of  the  combs  while  the  charges  on  the  back,  induced 
respective l.v  in  llie  neigh lK)rho<Mi  of  each  of  the  armatures,  serve, 
when  the  rotation  of  the  plate  conveys  them  round,  tn  increase  the 
Inductive  injBDBipca  ot  the  cliaxge  on  the  othei  iinnftW'[&.    '%eai%,«. 
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very  Bmal]  initial  charge  is  specdilf  nJsed  to  a  roBsimuic,  ttiB  limit 
Iwiug  roaolied  when  the  electrificution  of  tbo  nnnatiirea  Je  so  great 
tliat  the  lose  iit  (.'loctridtj  at  tbcir  surface  equals  the  gaia  b;  COD- 
Tecdon  and  induction. 

JVote.— Other  forma  of  electric  inacbinea  are  made.  One  of  Ike 
latest  of  these,  knovrn  as  the  TMplor-IIoltx,  is  very  compact  siid 
elficieat  and  remarkablj  free  from  the  limitations  of  atmoepheric 
conditions.  It  may  be  deecribud  as  a  contiQuouBly  acting  olectio- 
photus  (g  227).  A  verj  good  om-  tnay  be  bought  for  $23  or  ratm. 
One  should  be  proTidud  for  the  achnol  in  tome  inay  if  possible.  Anj 
electrical  machine  ahoutd  be  free  from  dust  and  perfectlj'  dr;  when 
used.  It  should  be  vrartner  lliaa  the  atmosphere  of  the  room,  that 
U  may  not  cnndenee  moiBtnre  from  the  Burronadiug  air.  The  drier 
the  atmosphere,  the  lietter  will  be  the  action  of  the  machine. 

ESEBOISES. 

1.  How  can  you  show  that  there  are  two  opposite  kinds  of  elec- 
tricity 1 

2.  How  would  you  teat  the  kind  of  electridty  of  an  electrified 

3.  Quiclil}'  pass  a  rubber  comb  tlirough  the  hair  and  determine 
whether  the  electricity  of  the  comb  is  positive  or  negative. 

4.  Wliy  do  we  regard  lh9  two  electric  charges  produced  Himul- 
laneously  by  rubbing  together  two   bodies  aa  being  of  opposite 

B.  Why  ia  it  desirable  that  n  glass  rod  iiaed  for  electrification  be 
warmer  than  the  atmosphere  of  the  room  where  It  is  used ! 

6.  Electrify  one  insulated  egg-shell  conduDlor  (g  332,  6),  Bring  It 
near  a  sBcond  conductor  but  not  in  contact  with  it.  Touch  the 
BBCond  egg-shell  with  the  finger,  (a.)  Experimentally,  detenninB 
whether  the  second  egg-ahell  \a  electrified  or  not.  (6.)  If  you  find 
that  it  is,  what  word  explains  the  mBthod  of  chnriring?  (c)  If  ihe 
second  egg-ehell  ia  charged,  will  its  potential  and  the  pol^Dtial  of  the 
first  bo  of  the  some  or  of  opposite  signs  1 

7.  (a. )  In  g  823,  6,  it  is  directed  that  an  electrified  body  be  brought 
"near"  the  h nob  of  the  gold-leaf  electroscope.  Why  not  UntehDa 
knob  with  the  charged  body?  [fc.l  Why  do  not  the  gold  leavw 
diverge  iromrdiately  after  touching  the  knob  with  the  fingeras  there 
direcfed  7  (<■  j  If  the  electrified  iK>dy  being  testi'd  hwd  a  -f  charge. 
ia  the  charge  of  the  gold  leaves  +  or  -i.     Esplaii 

,)  Wlinl  is  B  proof-plane?    16.)  An  electroscope?    (c.)  Descriho 
0  iiad  of  electroscope.    (*.)  fcnoflist  ^\'ii4. 


9.  (a.)  Define  eleetriei,  eonduelon  aod  wMidaloT*.  (b.)  Ezplaij 
electric  induction. 

lU.  (a.)  ir  a.  metal  glnbe  suspended  bj  a  eilk  cord  be  brought  ixsar 
the  prime  conductor  of  an  electric  machine  in  action,  feeble  Bjiurlu 
will  be  produced.  Explaiu.  (6.)  If  the  globe  be  lieid  in  the  liund, 
etroDger  sparks  will  bn  produced.     Erpluin. 

11.  IViet  Bome  tiaaue  paper  into  a  loose  roll  about  ei):  iDcbeslong. 
Stlcll  a  piu  through  the  middle  of  the  roll  into  a  vertical  support. 
Present  an  «lecCrified  rod  to  one  eod  of  the  roU  and  thus  cause  the 
roll  to  turn  about  the  pin  as  an  asis.  Give  this  piece  of  scienliflc 
apparatOB  an  appropriate  name. 

13.  (q.)  Prepare  two  wire  stirrups,  A  and  B.  like  those  shown  in 
Fig.  121  and  saepend  them  bj  tbreuds.  Electrify  two  glass  rods 
b;  rubbing  th^m  with  ailli  and  place  thuni  in  the  stirrups.  Bring 
A  near  B.  NotJce  the  repulsion,  (fi.)  Repeat  the  esperlment  with 
two  sticks  of  aealtug-wai  that  have  been  electrified  \ij  rubbing  with 
flannel.  Notice  the  repulsion,  (e.)  P!ac«  an  electrified  glass  rod  in  A 
and  an  electrified  stick  of  eenling-wni  in  B.  Notice  the  attraction. 
Oive  the  law  illustrated  by  tliCBe  eiperimenlB. 

13.  Two  small  balls  are  cliurged  respectively  with  +  24  and  —  8 
units  of  electricity.  Willi  what  force  will  they  attract  one  another 
Bhen  placed  at  a  distance  of  4  centimeters  from  one  another  ? 

Alls.  12  dynes. 
,  If  these  two  balls  are  then  made  to  touch  for  an  instant  and 
n  put  back  in  their  former  positions,  with  what  force  will  they 

I  ou  each  other?  Au».   Repulsion  of  4  dynes. 


I 
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Experiment  SS.^Haug  a  nugatlTel]' charged  pitta  ball 
drj  glass  bottle.  Bring  an  electrified  fflaaa  rod  to  the  outer  ode  of 
the  boltle.  TUe  pith  ball  will  ruali  to  tlie  aide  of  the  bottle  nearest 
the  rod  because  of  the  attraction  between  the  oppoeite  electridtiea. 

Experiment  34. — Paste  a  piece  of  tio-toil,  two  or  three  inchea 
square,  on  the  middle  of  eucli  face  of  a  pane  of  glass.  Hold  a  fiof^t 
on  one  of  the  metallic  coats  whUe  the  other  coot  lb  held,  for  a  abort 
time,  in  contact  with  the  prime  conductor  uf  an  electric  inacbine  in 
o|>eratiou.  Hemove  the  pano  and  place  it  on  edge  without  tondiitig 
both  coats  at  the  name  time.  Although  both  coats  are  oppouulf 
charged  (§  334),  thpy  maj  be  touched  in  succeeaion  w'tfaoot  anj 
ahock.  When  both  are  touched  nl  the  game  time,  tlie  ahock  is 
greater  than  would  haye  been  received  from  the  prime  couductor  by 
which  lhi»  condentcr  was  charged. 

350.    Condensation     of    Electricity.  —  Two 

jsuspended  pith  balls  oppositely  cliarged  attract  one 
.another  across  the  intervening  air.  They  attmct  mu- 
tually even  when  a  plate  of  glass  is  held  between  them 
although  neither  the  ballf 
nor  their  electric  chargeB  can 
pass  through  the  glasa.  la 
the  case  of  the  pane  ol 
glass  with  its  two  tin-M 
coats,  or  In  the  Bimilar  cue 
of  two  metallic  plates,  A 
and  B,  separated  by  a  layer 
of  dry  air  or  other  non- 
coiidnctor,  C,  as  shown  in 
Fig,  145,  the  two  charges 
nre  "bound,"  each  by  the 
attniction  of  its  opposite 
on  tlie  other  sido  of  the 
panel  It  is  found  Lh»t  I  wo  such  coats  may  Imi  charged 
much  more  strongly  than  either  one  could  he  if  the  oppO- 
site  coat  were  wanting.    \i  a  ttiiii  'p\»iu4V**-  fti' 
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^^^S  ^  opposite  plate  like  A,  be  connected  with  B 
^H&pper  wire  imd  the  middle  oi  the  wire  brought  into  con- 
tact with  the  prime  coiidactor,  nearly  the  wholu  charge 
will  go  to  S  and  very  little  to  tlie  third  plate.  Die  ca- 
pacity of  a  charged  conductor  is  greatly  increased 
by  bringing  it  near  a  second  charged  conductor 
oppositely  charged.    Its  capacity  being  thus  increased, 

I  greater  quantity  of  electricity  must  bo  put  into  it  to 
lise  it  to  aa  high  a  potential.    Such  &  method  of  inereaa- 
g  the  quantity  of  electricity  that  a.  conductor  may  re- 
live without  raising  its  potential  is  called  the  condei 
to  or  accumulatiou  of  electricity. 

351.  Electric  Condensers. — An  apparatus  for 
collectitig  a  large  qmmtily  of  electricity  at  a  modonite  po- 
tential, aa  just  described,  is  called  itn  eleetric  candonser. 


fnr        11 


(a.)  Let  A  and  B.  Fig.  146, 
two  insulaleii  iiietftUic 
plates  about  six  inches  in  iliaiii- 
etor,  Beparated  by  C,  a  plate  ij[ 
glass  Boraewhat  larger.  Let  eai'L 
me  Lai  Ik  plate  liave  uii  elect  rii.' 
pendolara,  a  aoil  6,  Remove  ,1 
and  connect  B  with  the  r^iudutt'H- 
of  the  electric  machiiie.  by  means 
of  the  wire,  a.    The  divergence  of  '"'■   "*"' 

b  ahowH  the  presence  ot  free  electricity.  Connect  A  with  the 
gronnd  by  the  wire,  y,  and  place  it  in  position  as  represented.  By 
the  inductive  influence  of  B.  the  —  electricity  of  A  ia  drawn  to  the 
surface,  n,  while  the  +  escapHs  by  y.  Bnt  this  —  electricity  at  n 
•ttracte  the  +  of  B  largely  lo  the  snrface  m  and  holds  it  there  as 
boimd  electricity,  thus  increasinK  the  electrical  density  at  that  aur- 
ThiB  change  is  shown  by  leaa  divergence  of  b.  CoQBeijnently. 
B  more  electricity  from  the  machine,  which  will,  in 
■HtMCt  more  -  electricity  to  n.    Tliis  iwiVctut  va^f^V-j  w^M 
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■e  of  the  +  eleclricity  of  B  at  m.  In  thia  wny,  a  1sis« 
electricit;  mitv  bo  accumul(it«d  at  m  and  a  laig* 
quantitf  of  —  at  n, 
Thia  eceumuladoti  taxy 
thus  go  on  noCil  ths 
potential  at  tbe  hbc- 
iaoe.  i>.  is  mintU  la  that 
of  the  tDttcbine,  as  it 
waB  wlum  A  was  ab- 
sent. Inturrupliiig 
,n  bj-  * 
aud  ^,  both  plat«s  are 
charged.  The  verticil 
pcmiuium,  a,  ehowano 
free  elnctrlcitj,  tlie 
electricity  of  A  being 
all  bound  at  n ;  iha 
pendulum  at  h  shows 
free  eleciridtr, 
although  the  greater  part  of  the  electricity  of  £  ia  bound  at  m.  Be- 
e  A  and  B  from  each  other  and  the  bouud  electricity  of  each  is 
set  free  and  bolli  a  and  b  fly  out  as  the  discs  are  separated.  The 
pith  balls  thus  seem  to  indicate  that  the  discs  are  more  liiglily  elec- 
trified when  they  are  thus  wparated,  liut  no  additional  charge  Iins 
been  given  to  either  A  or  B.  The  fact  is  that  viMe  B  teas  near  A, 
the  eapiKity  ofB  ickm  laTgely  inerecued.  On  moving  it  awagfivm  A, 
itt  eapaeity  tarn  diminished  and  ths  same  quantity  of  tteetiielty  eke- 
tr^d  it  to  a  liighfT  potential  than  before.  The  prmenee  of  an  earth 
eonnoited  plate  near  an  insulated  eoiiduetor  largely  inereanea  the  the- 
trie  eapatity  of  the  latter,  enablir'g  it  to  oonderue  electricity  vpon  tht 
ivrfaee  nearest  the  oppimng pfate,  at  inhleh  siirfitee  the  elretrieal  den- 
ft'fy  beeomea  very  great, 

(b.)  If  A  and  B  are  pushed  np  close  to  O,  the  decrenae  of  distance 
will  work  au  inrrpase  of  the  induRiivB-Hctionand  a  still  larger  quan- 
tity may  be  accumulated  in  the  plates.  Thve,  t/ie  oapiKity  of  a  fon- 
deneer  dupends,  in  part.vpon  the  nran\esa  of  the  plafet  to  eaeh  other. 


352.  Dielof-trics  and  S|>ecifie  Tiidnctive 
Capacity. ^ — SnliBtjLnces  lliat.  permit  iiidiititive  electric 
influences  to  act  across  or  through  Ihom  es  just  doacribed 
are  called  dielectrics.     M\  dieVectTitje  are  ineulatore,  but 
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equally  good  ingulakira  axe  not  atwajs  equally  good  dielec- 
trice.  Glass  is  a  better  dielectric  than  ebonite  and  elwnite 
a  better  than  air.  The  capacity  of  a  condenser  is  greater 
fhen  the  dieleotric  is  glass  than  it  is  when  the  dielectric 
B  air.  Tite  ratio  of  the  capacity  in  the  fottner  ease 
<  the  capacity  in-  the-  hitter  ease  is  called  the 
cific  itbductioe  capacity  (or  specific  irtduetivity ) 
f  glass.  Air  (at  0°  0.  and  700  mm.)  is  taken  as  the 
kndard,  its  specific  iudnctivc  capacity  being  nnity. 

'  (a.)  The  uld  idea  that  electric  jnduotion  ie  "  action  at  a  dlBtanne  " 
Tb  wholly  diBproved  by  the  fact  tbat  diffcreut  eubetanues  liave  dif- 
ferent specific  iaductiye  oapiicitieB,  (or  it  is  ovident  Ihnt  tlie  dielec- 
tric itself  iH  concerned  ia  the  pniceBS.  Otherwise,  rII  media  would 
allow  induction  to  take  place  across  them  witli  aqunl  facility. 

(6.)  Tlie  Bpecific  in d ucti vity  (BoniMiniea  called  dielectric  capacity) 
assigned  to  various  Bubstances  by  difierent  obflt'rvers  varies  widely. 
Gordon  gires  the  following  reaulta : 

.1.00      I  Ebonite 2.384  I  Shellac 2.74 

n  (8olid).1.9936      Gntta  percha.  .2.403     Glass,  from,  ...8.013 

\  robber.. 2.23      |  Sulphur S.M     1       "       to 3.358 

Chiller  ^ves  the  specific  inductivity  of  white  mltrot  glaaa  aa  5.8B 

363.  The  Leydeii  Jar.— The  most  com- 
and,  for  many  purposes,  the  most  con- 
venient form  of  condenser  ia  the  Leyden  jar. 
This  consists  of  a  glass  jar,  coated  within  and 
without  for  about  two-thirds  its  height  with 
tin-foil,  and  a  metallic  rod,  communicating 
by  means  of  a  small  chain  with  the  inner  coat 
and  terminating  above  in  a  knob.  The  upper  Fic.  148. 
part  of  tho  jar  and  the  cork  which  closes  the 
Iputh  of  the  jar  and  supports  the  rod  are  generally  coiited 
|]  sealing-wax  or  shellac  varnieh  to  leswQ  the  deijo5vti.QTi 
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^K ot  moisture  from  the  air.     The  inner  coat  represents  the 

^F  collecting  plate,  B;  the  glass  jar,  the  insulating  plate,  C\ 

the  outer  coat,  the  condensing  plate,  A,  of  Fig.  146. 

(a.)  Select  n  candy  or  &ujl  jikr  of  gn«DiBU  fflaBs ;  pasta  tin-hril 
witliio  Riid  without,  as  nbove  described,  UBing  tioui  paste  ;  thrust  a 
wire  through  a  drj  cork  ;  bend  the  wire  so  that,  when  the  cork  a  id 
its  place,  the  wire  Bhull  touch  the  tin-foil  on  the  iniiide  ot  the  boltle 
without  tearing  it ;  snider  the  upper  end  of  t!ie  wire  to  a  smooth 
button  or  tbru31  it  into  a.  lead  bullet ;  cbarRe  yniir  Leyiien  jar  with 
ft  few  Bparka  from  the  cli-ctrophorus  and  tnlte  a  shock. 


I 


354.  Charging  the  Leyden  Jai*. — To  charge 
the  jar,  hold  it  iu  the  hand,  as  shown  in  Fig.  149,  and  iiriug 
"the  knob  near  the  prime  conductor  of  an  electrical  machine 
that  is  in  action  or  into  contact  with  it. 

(a.)  The  +  charge  thus  developed  on  the  inner  coat  acts  in- 
ductively through  the  glajffl,  repelling  the  +  electridty  which  eacspes 
,  through  the  hand  tji  the  Eiartb  and  binding  its  —  electricity  to  the 
I  contact  with  the  glass.  This  ■'  bound  "  negativL'  elec- 
rtricity  of  the  outer  coat,  iu  turn,  binds  the  |)OHitive  of  the  innur  coftt, 
r  which  then  may  receive  a  further  cliarge  and  bo  on.  The  innet 
I  Boat  will  receive  a  much  greater  quantity  of  electridtj'  llian  it  pee- 
I  Bibly  could  were  it  not  for  the  attraction  of  its  opposite  on  the  out«r 
If,  instead  of  iiolding  the  outer  cont  in  the  hand,  the  jar  be 
[  Bapported  utmn  a  pane  of  glass  so  that  the  repelled  electricit;  of  the 
t  cannot  escape,  the  jar  cannot  ha  very  intensely  charged. 


fb.)  Thus  we  see  again  that  the  capacity  of  a  conductor  Is  greAtly 
fecreaeed  when  it  is  placed  near  a  coailactor  charged  with  the  oppo- 


site  kind  of  elBotricity.    Its  oajindty  lieinK  increaeed,  it  cau  receive  a 
greater  quantity  of  eleclritilj  witlioul  aoj  inToase  i>f  [jotoutial.     Of 

.  the  potential  of  tLe  charged  jar  cannot  exceed  tUat  of  tlie 

condactoror  nthei  cliurging  body. 


355.  Discharging  tlie  Leydeii  Jai*.— If  the  jar 

be  of  good  glaas,  dry  and  free  from  dust,  it  will  retain  its 
chargi!  for  iiours.  But  if  a  imtli  be  provided  by  wliich  the 
opposite  and  mutually  uttraetiiig  ek't'tri cities  can  flow 
together,  they  will  do  so  and 
the  jar  will  be  instantaneously 
and  almost  completely  dis- 
charged. The  jar  might  be 
discharged  by  touching  the 
knob  with  l^he  finger,  the  sep- 
arated electricities  coming  to- 
ither  throngh  the  person  of 

perimeuter  and  the  earth.  In  this  eaae,  the  experi- 
nter  wiU  feel  a  "shock."  If  the  charge  Iw  intense,  the 
shock  will  be  painful  or  even  dangerous.  It  is  better  to 
use  a  '•  discharger,"  two  forms  of  which  are  represente<l  in 
Fig.  150,  This  consists  of  two  metal  urms  hinged  to-  , 
gother,  bearing  knobs  at  their  free  ends  and  carried  by 
insulating  handles.  The  outer  coat  of  the  jar  should  be 
touched  first.     Why? 

[a.)  A  good  disciiarger  may  be  made  by  paasinp;  n  piece  of  atout, 
copper  wire,  about  a  foot  long,  tliran(ili  a  piece  of  rubber  rubinp;  and 
providing  n  metul  itnob  (or  eurli  end  of  ibe  wire.     Tlie  flexibility  of 
Hue  wire  avoids  the  uoceesity  for  a  liiog-ed  joint. 

F  356.  Tlie  Rcsiilnal  Cliarge.— If  a  Lcyden  jar  bo 
charged,  discharged  and  left  for  a  little  time  to  itself,  it 
will  be  fonnd  that  a  small,  second  spaik  can  W  o^iW.'Uijl. 


i 
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^1     There,   is  a  residual   charge  which  seems  to  ham 

^V     soahed  into  the  glass.    The  retam  of  the  residual  charge 

^1  is  hastened  by  Luppiag  the  jar.     Tbit 

^B                C*\s«  amount  of  the  residuttl  charge  varies 

™                  \  with  the  time  that  the  jar  has  been 

^J^^  left  charged  ;  it  also  dependB  on  the 

K^^P^  kind  of  glass   of  which   the  jar  is 

I^^H  madu.     (See  Appendix  J.) 

0  357.     The     I-cyden    .Tar    with 

Movaltle  CiiatK.— This  jriBreoF  Rppara- 
■  tuB  1b  represented  by  Fig,  1,11.     The  upper 

part  of  the  glsfs  jar,  B,  is  coaCiMl  with  shel- 
lac Tarnish.     Tlie  tbre«  parts  being  placi?d 
Iflgetber  in  proper  order,  B  within  A  and  0 
vrithiu  JS.  thejaria  charged  in  the  usual  muj- 
ner.     The  iuner  coat.  0,   is  then   removEd 
with  a  glass  rod  and  touched  with  the  hand 
to  dischBrge  it  fully.     B  isthea  lifted  ont 
from  A  and  the  outer  coat  full]'  discha^ed. 
The  three  parts  are  then  put  together  again 
and  fonnd  to  bo  able  to  give  nearly  sa  strong 
a  spark  as  at  first.     This  seems  to  indicatf 
that  tbp  charge  rests  apon  the  snrfacea  uf  the  glass  rather  Iban  upon 
the  BurfaceH  of  the  rimts.     If,  when  tlio  cliarged  Jar  ia  in  pieces,  the 
thumb  be  placed  on  the  outer  surface  of  the  glass  and  the  foreSuKvr 
ot  the  same  hand  on  the  inner  surface,  a  very  slight  shock  is  per- 
ceptible.    Thu  oppositely  charged  glass  niotecolea  that  come  into 
actual  coDtact  vrith  thumb  and  finger  respectively  are  discharged. 
By  changing  the  portion  of  the  thumb  and  Enger,  snccesmve  little 
shocks  may  be  felt  as  successive  portions  of  the  inner  and  oater  snr- 
foces  of  the  gluss  are  discharged.     The  inner  coat  furnishes  a  niesna 
for  the  simiUtaneous  discharge  of  the  inner  layer  of  glass  molecnles: 
the  outer  coat  does  the  same  for  tlie  outer  layer  ot  glaas  molecnlcfk 
Thus  all  ur  nearly  all  of  the  electrified  glass  raulDOules  ta».j  be  dis 
charged  simuttaneooaly  instead  of  successively. 

358.  Tlie  LeyiU-n  Bnttery.— The  effect  that  may 
.  fc  produced  ivitll  a  Leyden  jar  tt  olV\«  caadeneer  dep« 


I 


Fig,  ijr. 


1  fJie  size  of  the  coata,  the  thinncsB  and  the  inductive 

ity  iif  the  glass.     But  a  large  jar  is  expensive  and 

iqnires  great  care  J  thin  glass  ia  liable  to  perforation  by 


m^ 
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the  condensed  and  strongly  attracting  electrieitiefi  of  its 
twocoate.  To  obviate  both  of  these  difficulties,  a  colleetion 
of  jars  ia  need.  Wlion  their  outer  coats  arc  in  electric 
communication,  which  may  be  secured  by  placing  them 
in  a  tray  the  bottom  of  which  ia  covered  with  tin-foil,  and 
their  inner  coats  are  connected  by  wires  or  metal  strips 
passing  from  rod  to  rod,  or  from  knob  to  knob,  the  ap- 
paratus ia  called  a  Leyden  or  electric  battery.  "  Tough- 
.  glass"  is  less  easily  pierced  than  ordinary  glass. 
(noe,  Leyden  jars  made  of  it  may  he  made  thinner  and, 
laequently,  will  hold  a  greater  eliargi'  than  otherwise. 
^  is  charged  and  discharged  in  the  same  way  as 
a  Jar.     Great  aire  is  needed,  tui  it  t 
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E  were  to  take  place  throngh  the  humau  body  t 
r  would  be  serious  and   posaibly   fatal.     The   " 
I  discharger,"   as   cmplojed    with    the   Leyden   baU 
I  shown  at  ^Cin  Fig.  152.     (See  Esp.  56.) 

(a.)  The  horizontal  cods  of  the  universal  iliHcharger  may 
[  ported  by  passing  them  through  corka  in  (he  moutha  of  two  bottle*. 
I  Wli«n  a  t*blo  m  wanted  for  the  support  of  bodiea  to  be  operated 
L  upon  by  the  discharge,  it  may  be  made  by  placing  a  small  plate  of 
I  gplaas  upon  the  open  mouth  of  a  bottle  of  the  Bame  hdght  as  thoee 
L  that  carry  the  roda  and  placing  the  third  bottle  between  the  other 


359.  The  Farad. — The  farad  is  the  capacity  of  a 

condenser  that  will  be  raised  to  a  pot«iitial  of  one  volt  by 
a  charge  of  one  coulomb  of  electricity  (§§  382,  387).  Such 
a  condenser  would  be  too  large  to  be  conatrncted.  Th« 
micro-farad  (^0.000001  farad)  is,  therefore,  chosen  as 

I  the  practical  unit  of  electricnl  capa^city.  The  ca- 
pacity of  three  milcg  of  an  Atlantic  cable  is  about  one 

\  micro-farad.  A  micro-farad  condenser  contains  about 
3,600  square  inclie.^  uf  t.iii-foi!.     A  farad  equals  10"*  of  an 

[  electro-magnetic  unit  of  ciijiacity  (g  451).    Sec  Apji.  M  (5). 


(a.)  A  coulomb  in  a  farad  ogives  a  volt. 

_       ,         Coulomba 
Farads  =  ■  ■  „-,. — -. 
Volts 


8'^H 


3G0.    Submarine    Cable    Condensers.^ 

ocean  ciiblo  forms  a  condenser,  the  water  forming  the 
y  outer  coating ;   the  conducting  wire,  the  inner  coatiog; 

while  the  insulating  layers  of  gutk-pereha  corTeBpond 
I  to  the  glass  of  the  Leyden  jar.  When,  for  example,  one 
f  end  of  a  .submerged  cable  ia  connt'ctod  to  the  +  jmle  of 

a  powerful  battery,  +  electricity  flows  into  it.  Before 
Winy  aignal  can  be  received  at  the  other  end,  enough  eleo- 


tricity  mnat  flow  in  to  charge  tlie  cablt;  to  a  cnnsidcnible 
potential,  on  operatiou  wliioh  may,  In  tiic  case  of  luug 
cables,  require  Bomc  seoonds.  It  is  a  tjeriuua  obstacle  to 
signalling  with  aireed  through  the  Atlantic  cables. 

(a.)  Imagine  H  mile  of  ineulated  cable  wii 
of  water  (Fiff.  153},  one  end.  N.  being  inaulalt-d. 
jnined  op  throngh  a  limg 
aril  gulvautaneler,  O,  ii> 
tbe  +  pole  of  a  lurg^  liiir  .-y  "" 
tery,  wlioan  —  pfilf 
joined  by  a  wiri'  to  i!.. 
water  in  tUe  tub.  hi. 
Boon  QB  tlilE  ie  done,  thii 
needle  at  tbe  galsauom- 
eter  will  fihow  u  violent 
deflection,  +  electridtj-  rusbing  tbrougb  it  into  the  interior  of  tlie 
cable  SiOd  a  —  cliotge  being  aoeumulated  on  the  outMde  of  it  where 
the  water  toneheg  the  gulta-perclifl.  The  flow  will  go  on.  though 
diminisMag,  until  the  roble  ia  fo11j  choj-ged,  taking,  jierhape,  an 
hour.  Now  remove  the  batlfrv  and  pIobc  tlie  circuit.  The  charge 
Id  tbe  cable  will  rash  out  llifuuglj  the  galvanometer,  which  will 
ehaw  an  opposite  deflection.  The  clmrge  will  continue  "  to  soak 
out"  ibr  a  long  time. 


361.  Modes  of  Discharge. — An  electrified  con- 
dactor  may  be  dischargod  in  at  least  three  ways,  viz.,  by 
the  disruptive  discharge,  by  the  convective  discharge 
and  by  the  cortdiMitive  dischai-ge.  The  diachai-ge  in  any 
of  these  ways  is  accompanied  by  a  transformation  of  en- 
ergy. Sound,  light,  heat,  chemical  action  and  other  phe- 
nomena are  produced. 

Experiment  35. — Proscmt  n  ttnuckle  ot  the  hand  or  «.  metal  knob 
lothe  prime  conduc^tor  rit  an  eloctric  machine  and  "draw  Bparka" 
then^frum.  {See  Fig.  160.)  For  short  diBiancos,  (hr  »pnrk  ia  etraight. 
B!.lhi>  disinuce  lie  miulu  aorai'what  greater,  the  spiirk  Ukes  a  ahiuons 

i  forked  form  as  though  floating  dust  porticlBS  eerved  aa  etepplng- 
» and  rwdered  a  crooked  path  the  eaaieal-    If  ^^e  i^bu^e  ^ 


I  ▼mr  pDweFfiil,  the  spark  will  take  the  zigzag  ronn  so  fiimiliar  in  On 
V  lightning-Htroke.  WbcD  die  machine  ia  vi^orousl}'  worked  in  the 
dark,  the  ajiparentlj  continuous  discharge  iulo 
the  air  produces  a  luniinoue  appearance  at  the 
ends  of  the  conductor.  Tbia  appearance,  known 
as  a  br'ieh,  may  l>e  improved  bj  holding  a  lai;ge, 
smooth,  metul  globe  at  u  distance  a  littlu  too  gnat 
for  the  paseagi:  of  a  apark.  When  the  diachai^ 
takes  jilnce  from  the  rounded  end  of  a  wire  e»- 
touding  Irom  the  conductor,  a  quiet,  phoBpbor- 
is  shown  in  Fig.  164,  will  often  appear  at  and  near  the 


Fig.   154. 


Bud  of  the  wi] 

36!i.  The  Dlsrui»tive  Discharge. — A  diecharge 

of  electricity  taking  place  suddenly  through  a  non-con- 
ductor is  culled  a  disruptive  digchurgc,  e.g.,  the  spark  and 
brush  drawn  from  an  electric  machine  in  action.  Tho 
glow  is  either  a  continuous  discharge  or  odc  of  exceed- 
ingly small  period.  Perhaps,  it  ia  a  high  order  of  con- 
vectivo  discharge. 

Experiment  36. — Attach  a  pointed  wire  to  the  prime 
of  tlio  electric  machine.     The  Hi 

way,  as  shown  in 
Fig.  155.  It  the  laindle  be 
placed  upon  the  prime 
conductor  and  a  pointed 
conductor  bo  held  in  the 
hand  near  the  candle,  the 
flame  will   etitl  be  bit 

363.  The  Con- 
vective  Dis- 
charge.— When  elec- 
tricity of  high  poten- 
tial accumulates  with 

BO  great  a  density  as  to  electrify  the  neighboring  partiini 
ttf  air  which,  driven  by  electnc  le^juXst^oii,  a^  off  i 


part  of  tho  charge  with  them,  we  have  what  is  called  the 

convectiye  discbarge.  Such  discharges  are  hest  mani- 
fested in  gases  at  low  pressure,  in  tubes  exhausted  bj  an 
air-pump.     (Esp.  70.) 

364.  The  Conductive  Discharge.— The  flow 
of  a  continuous  current  of  electricity  constitutes  the  C()n- 
ductive  discharge.  When  electricity  flows  through  a  wire 
from  the  prime  conductor  of  an  electric  machine  to  the 
robbers  or  from  the  positive  pole  of  a  voltaic  cell  or  bat- 
tery to  the  negative,  we  have  a  condnctive  discharge.  It 
will  be  conaidered  in  the  section  especially  devoted  to 
voltaic  electricity. 

365.  Atmospheric  Electricity.— Tbo  phenom- 
ena of  atmospheric  electricity  are  of  three  kinds  : 

1.  A  continual  slight  electrification  of  the  air,  best  ob- 

served in  fair  weather.  ^| 

2.  The  &miliar  phenomena  of  thunder  sturmH.  ^M 

3.  The  Aurora  Boreiilis.  B 

366.  The  First  Kind. — During  fair  weather,  the 
air  alMJvc  the  surface  of  the  earth  is  usually  electrified  posi- 
tively, a  negative  electrification  being  extremely  rare.  In 
stormy  weather,  it  is  more  often  —  than  -f  and  frequently 
changes  from  one  kind  to  tho  other  several  times  in  an 
hour.  The  higher  up  we  go  to  observe  the  usual  +  elec- 
tricity of  the  air,  the  higher  its  potential  is  fonnd  to  he. 
The  evaporation  of  water  by  the  snn'a  heat  and  the  fric- 
tion of  moving  masses  of  air  probably  contribute  to  the 
presence  of  atnmspherii'  electricity. 

H^07.  Thunder    Storms.— We  have  already   seen 
^HmI)  that  a  goiid  coadactor  caa  not  he  cVsr^c^  Vatwa^- 


^H     out  its  B 
f     The  s&m 


FRICTIONAL   ELECTRICITT, 


I 


out  its  Bubstance,  the  charge  residing  upon  the  Burface. 
The  same  is  true  of  liquids,  but  aeriform  bodies  ma^rbe 
charged  bodily,  the  individual  moleeules  being  bo  much 
more  widely  separated.  Dry  air  being  a  poor  conductor. 
the  air  particles  discharge  tlieir  electricity  into  eacb 
other  slowly  and  with  difficnlty.  The  electricity  thus 
prevented  from  accumulating  lias  a  low  potential  and, 
hence,  gives  few.  manifestations  of  its  presence.  Tbe 
minute  particles  of  water  floating  in  the  air  being  better 
conductors  than  the  air  itself  become  more  highly  chai^. 
As  they  fall  and  unite,  the  potential  of  their  charges  ii> 


(a.)  "  SappoBG  eiglit  Hmnll  drops  to  join  into  one.  That  oim  wIS 
have  eight  limes  the  quantity  of  electricity  distributed  over  the  mt- 
facD  of  a  Biiigie  sphere  of  twice  the  radius  and,  therefare,  of  twiffl 
the  cSipai^itj  (for  the  electrical  capacities  of  Bpheren  are  proportiimil 
to  their  radii)  of  the  original  ilropa."  The  capacity  being  tbns  in- 
croased  only  two  fold  wliili;  the  quantilj  ia  increaBed  eight  fold,  the 
potential  becomes  fnar  times  as  great.  Thus  the  poteutisl  of  ft 
cloud  may  rise  hy  the  union  of  electrified  drops. 

368.  ]jig:httiiug, — When  an  electrified  dond  fioals 
over  the  earth,  separated  from  it  hy  a  layer  of  insnlatilig 
air,  the  inductive  influence  of  the  cloud  renders  the  ground 
beneath  oppositely  electrified.  Then  the  cloud,  groimd 
and  insulating  air  correspond  respectively  to  the  inner 
and  outer  coatings  and  the  insulating  glass  of  a  Leyden 
jar.  As  the  charge  of  a  Leyden  jar  may  be  made  so  in- 
tense tliat  the  mutual  attraction  of  the  separated  elee- 
tricitips  will  result  in  their  rushing  together  and  tJiOB 
piercing  the  jar  {§  358),  so  the  cbarge  of  a  cloud  may  bo- 
come  sniiiciently  intense  to  overcome  the  resistance  of  the 
I  (W>#Dd  a  Jig-btning  stroVe  eiXiatti*^  '^'«Q  "iWda  cbai^ 


with  oppoBite  eleGtricitios  may  float  near  each  otiier. 
Tlieu  they,  with  the  intervening  air,  niaj  bo  lookeil  npon 
as  coQstituting  a  huge  Leydcn  jur.  Thus,  we  may  sue 
the  Ughtuiag  leaping  fram  cloud  tu  earlh,  or  froin  cloud 
to  cloncl.  Such  electric  sparks  are  aoraetimes  mori;  thun 
a  mile  in  length,  showing  a  difference  of  potential  greiitpr 
thiin  that  of  3,000,000  Darnell's  cells.  The  duration  of 
the  Bpai'k  or  flash  is  not  more  than  0.00001  of  a  second. 
The  danger  from  any  lightning  stroke  has  passed  when  we 
hear  the  crash.  The  identity  of  lightning  with  electricity, 
though  long  suspected,  was  first  proved  by  Franklin's 
famous  kite  experiment.    (See  Exp.  (U. ) 

Experiment  37>~-Bring  the  point  of  a  knife-blade  near  the  con 
doctor  of  an  electric  machine  in  operation  and  ttutice  tlte  infant  eeaaa- 
tion  of  tparla.  The  quiet  jiasBage  of  electricity  from  the  earth 
neutraliiea  the  charge  of  the  coDdactor  tiad  reetoreg  the  electric 
equitlbrium.  la  the  eume  viaj,  a  lightning-rod  tends  to  nistore  the 
electric  equilibrium  ot  the  doad  and  prevent  the  daDgeronE  die- 
charge, 

369.  Liglitiiiiig-Rods. — The  ralue  of  lightning- 
rods  depends  upon  the  tendency  of  electricity  to  follow 
the  best  conductor  and  upon  the  eflfect  of  pointed  con- 
ductors upon  electrical  density  (§  342).  The  lightning- 
rod  should,  therefore,  be  made  of  a  good  couductor ; 
copper  is  better  than  iron.  It  should  terminate  above  in 
one  or  more  points,  tipped  with  some  substance  that  may 
be  corroded  or  fused  only  with  extreme  difficulty.  Plati- 
num and  iridium  are  metals  that  satisfy  these  conditions 
very  well.  The  rod  should  extend  above  the  highest  point 
of  the  bnilding  in  order  to  offer  the  electricity  the  easiest 
path  to  the  ground.  It  is  irapoiiant  to  have  each  pro- 
1epttD£  part  of  the  huilding,  as  chimne^a,  \w^«i%  wA 
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gables,  protected  by  a  separate  rod.  All  metal  work  about 
tbe  roof  or  chimDeye  should  be  oounocted  with  the  rod. 
The  rod  sliould  afi'ord  an  unbroken  connection ;  tbe  joints, 
if  there  (h?  any,  should  be  carefully  maJe.  The  roil 
should  terminutu  below  in  water,  or  iu  earth  that  is  always 
moist.  It  is  well  to  connect  it  with  undergrouud  wut^r- 
pipes  when  possible  or  with  a  large  metal  plate.  Femonal 
atieniion  should  be  ^ven  to  this  matter  when  the  rod  is 
pnt  up  as,  being  under  ground  and  out  of  sight,  this  part 
of  the  rod  is  not  easily  inspected  subsequently.  A  rod' 
having  a  blunted  tip,  a  broken  joint  or  terminating 
in  dry  earth  is  move  dangerous  than  no  rod  at  aU. 
LightrUng-rad  insulators  are.  undesirable. 

(a.)  ThegreatoBt  vnliieof  alifrhtnin(r-rod  is  dua  to  ilaqnirtwori 
in  tliB  preBentioii  of  the  liglitninK  strnka.  For  this  quiet  bul  vmy 
valuable  wrvioe,  few  parannB  evor  give  ilie  rod  any  credit,  Evwj 
leaf  of  (lie  forest  and  every  blade  o!  Kriisa  is  a  poiated  coadnclor 
acliufr  'n  the  aarae  way. 

(5.)  Tbere  is  some  qiieBtion  be  to  tlie  a]ta.ce  protected  by  a  rod,  but 
the  foltowiug  ia  a  good  rule  :  The  ]>rol«ct^d  space  ifl  a  eoue  having' 
Its  apex  at  tlie  tip  of  the  rod  aud  having  a  base  the  isdina  of  lAIe^ 
ia  equal  to  the  height  of  the  codb. 

STO.  The  Aurora  Borealis. — The  aurora  borealto 

or  "northern  light"  is  freqnently  seou  in  northeni  n- 
gions;  beyond  the  Arctic  circle  it  is  of  almost  nightif 
occurrence.  Sometimes  its  streamers  of  light  radiate  Ulte 
the  ribs  of  a  fun  or  form  an  arch  across  tiie  northern  sky, 
as  shown  iu  Fig.  156.  But,  as  seen  in  this  country,  it 
more  often  appears  as  a  few  streamers  of  a  pale  tjnt. 
Similar  lights  are  seen  in  south  polar  regions  and  aie 
called  aurora  auslralis. 

The  atmosphere,  in  its  itpurer  strata,  ia  highly  rarefied 
md  condacta  electricity  aa  do  t\ie  TKre&ed  gaees  in  Gfliaslef 


tabes  (Bxp.  70).     There  is  little  doubt  that  the  aurora  ie 
dne  to  electric  tlisclmrftes  in  this  rarefied  ;iir.    The  Hppeiir- 


tttice  of  an  imrora  is  generiilly  a<;{?ompanied  by  a  "mag- 
netic storm"  or  irregular  disturbance  that  affects  all  of 
the  conipasa  needles  over  a  considerable  part  of  the  earth. 

371.  Apparatus    and    Experiinents.  —  It    is 

neither  necessary  nor  very  desirable  that  all  of  the  follow- 
ing experiments  be  performed.  Several  of  them  involve 
the  eame  principle ;  bnt  one  teacher  may  have  one  piece  of 
apparatus  and  another,  another  piece.  Additional  exjieri- 
ments  may  be  found  in  "The  First  Principles  of  Natural 
Philosophy,"  pp.  17^-176. 

Experiment  3S. — Place  a  tia  platn  contaioing  a  hancifal  of  Bmalt 
bits  of  tissue  paper  upon  tha  pnme  conductor  of  an  elect  rio  macliiae. 
Work  tlie  macbine  and  tbus  produce  an  imitation  bdow  sUnm. 
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Experiment  39- — The  "metallic  [ilal^sand  dancing  images "  sN 
a  Fig.  IGT.     TLe  imaj^es  are  oiude  ol'  pilli.    TUe  uppw 
plalu  13  in  toQununiciitioB  wiili  ilie  priuio  tonducUir, 
the  lower  UDF,  wH\i  tliQ  eurllt.     VVUt>u  llie  luasliine 
i   la   worked,   the   imugua  iluuce  in  a  verf   ludlcroue 
Btpldxiii,     PitU  balle  rniij  bo   suletitnled 
for  the  images,  tlien.-sulttngph'^nimieua  bdug  ktuiwii 
"Vdlla'B  hujl."   The  exjieriment  may  be  aiin|)li6cJ 
by  electrifying  tlie  iniiL-r  anrfnce  (if  a  gloss  tumbler 
by  rubbing  it  upon  tlie  knob  of  the  prime 
and  pludne  ibe  tumbler  over  Home  pith  balls  i 
table. 

Experiment  40. — Place  el  dozen  pith  bkUa  m 
Fig.   i;7.        bits  of  tissQe  paper  on  a  talile  lieltreen  Vim  b 
about  2  inches  l5  cm.)  thick.    Place  a.  pi 
npon  the  hooks  ab  shown  in  Fig,  168.* 
Rab  the  upper  sarliice  nf  the  glass 
with  the  silk  pad  mentioned  in  g  303 
|or  a  Bilk  handkerchief)  and   notice 
tiie  lively  dfmce  of  the  pitb  lialle.  Fic   ijS, 

Experiment  41, — In  the  "electric  chime."    represented  io  Fi^ 

159,  the  outer  bells  are  to  be  put  into  cummiinicatiou  with  the  prime 
conductor;   the  ceotral  bell  is  in  communication  with   the 


kTiie   cJujjpers  are  eiieiiended  by  silk  Ihreads.     Work  the  i 
tliiwJx ;  the  bella  will  begin  to  tlit^    F/x^iUuin, 
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1  Fig.    161, 

m 


wriment  42. — In  the  "  Leyden  Jar  and  bells,"  ahown  in  Fig. 
fc  the  left-hftDd  bell  is  in  commimicatioii  with  the  outer  coat  of  the 
ff;  the  clapper  ia  suspended  b;  a  ailk  thread.  When  ibu  jar  is 
char(^  and  placed  in  |ioeitiDD  as  repreeentLil,  tlie  bells  liegiti  to 
ring  and  continue  to  do  no  for  a  conajderablo  tiin«,     Skcplaiit. 

Experiment  43. — In  the   '-electric  awiug,"  hIuh 
the  tioj  is  B;iB|)eade<l  hy  silk  (wrdB.    One  of  the 
iBBulated  knobs  is  in  communication  with  the 
earth;    the  other    with    the    prime   conductor. 
When  the  machine  ia  worked,  the  boj  awlnga 
and  fro.     Eiplain. 

Experiment  44.— If  a  pupil  hold  a  Leydt 
Jar  hy  the  outer  cfiat  and,  bj  a  wire,  connect  tl 
fcnob  of  the  jar  with  tlie   [irime  cunductor,  his  pji^,   j(,|, 

knuckle  will  attract  the  balanced  lath  (Eip,  S) 
when  the  machine  ia  worked.    Ezptain. 

Experiment  45. — Fasten  a  small  paper  kite  by  a  linen  thread  to 
tlie  primf  rundactor.  When  Ike  machine  ia  worked,  the  kite  will 
float  around  the  knob.     Erplain- 

Experiment  46. — Fasten  one  end  of  a  long',  small,  copper  wire  to 
the  prime  conductor.  Near  the  other  end  of  the  wire,  tie  a  silk  cord 
and  hang  it  from  the  celling  or  other  support  eo  that  the  end  of  the 
Tertical  part  of  the  wire  shall  be  at  a  conveuient  height.  To  thia 
end  of  the  wire  attach  a  taB8ul  about  four  or  Gve  inches  long  made 
of  inanr  atripa  of  light  tieeue  paper.  Work  the  machine  and  the 
leavsB  will  diverge.  Eiptaiv.  Extend  toward  it  jour  clenched  fist ; 
the  leaves  aeek  the  fist.  3iplain.  Instead  of  jour  Est,  hold  a  needle 
toward  the  tasse!  ;  it  will  be  blown  ana^.  Explain.  Hold  the 
needle  upright  under  the  tassel.    The  atrips  mIU  collapse.    Explain. 

Experiment  47. — Stand  upon  the  insulating  Btool  and  place  yonr 
left  hand  upon  the  prime  conductor  of  the  electric  machine.  Holil  in 
yoar  right  hand  a  sewing.nepdie  with  the  tip  of  the  forefinger  cover. 
ingtheend  of  the  needle.  Bring  the  right  hand  coutionaly  near  the 
gold-leaf  electroBcopp.  Notice  the  divergence  of  the  leaves.  Now 
nncover  the  point  of  the  needle  and  bring  it  near  the  electroscope. 
Notice  the  narked  and  immediate  increase  in  the  divergence  of  the 


^perlment  48,— Place  an  "electric  whirl"  l^wWcb 

IS  mdiating  from  a  pWol-«tt'pvorVe& 


B  34 
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the  pointed  oniUbeiQg'all  bent  in  the  some  (UKCtion)  upon  the  pthM 
oondueior.     Work  the  nmchiue  Bud  tho  umia  will  revolve,    iPig, 
,)    Mrpitiin. 

Experiment    49.— The  "electric  oi- 
rery,"  rupreaented  in  Fig,  163,  is  apret- 

ty  modification  of  the  'eleclric  whirl." 
The  Bliort,  balane^  bar  m  provided  with 
a  pointed  conductor  to  produce  rotary 
motion  upon  ita  ttupporting  pivot,  iriMk  , 
is  one  eud  of  tlio  long  balane 
This  lonjrer  liar 
Is  ttJwi  pnivided 
with  a  pointed  1 
conductor  and 
supported       i  [i 

pivot,        which 
Fio.  iG3.  may  be  attached  Fig.  163. 

to     the     prime 
oonductor.     When  the  machine  ia  worked,  the  long  bar  revolvw 
upon  lie  fined  pivot;  the  short  bar  revolvus  upon  ita  moviiig'  pivot 


Experiment  50.— Half  fill  a.  wide,  g 
thifl,  place  a  gluea  beaker  and  fill  it 
By  u  wire,  connect  the  wat«r  in  the  ■ 


If 


IBB  vessel  with  water.  Within 
o  the  same  level  irltb  water. 
Iter  vessel  with  the  earth;  iu 
the  beaker  with  the  dectric 
machiue.  tiive  the  liandle  of  the  machine  a  gli^fie  turn.  Dippine 
erne  fluger  into  the  outer  water  and  another  Into  the  inner  water,  a 
shock  IB  felt.     Explain. 

Experiment  SI.— Let  a  pupil  stand  upon  an  ineulating  BI00I  (k 
board  aopported  by  four  warm  tumblora  will  answer)  and  place  his 
left  hand  upon  the  prime  conductor.  Lei  him,  with  his  right  han<<, 
clasp  the  left  band  of  another  pupil  not  iusuliited,  theirhiinds  being 
prevented  from  actoal  contact  by  an  fntorveuing  sheet  of  Indis-rah- 
ber«loth.  After  the  machine  baa  liefln  worked  a  moment,  let  the 
Insulated  pupil  runiove  his  li?ft  hand  from  the  prime  oondnotor  tad 
clasp  the  free  hand  of  his  companion.  At  this  moment  of  daeplag 
hands,  a  shock  will  be  felt      S^plava. 

Experiment  52. — Cover  one  knob  of  the  dineharger  with  gun  cot- 
in  pprinfcJcd  with  powdt-tpil  rosin.  When  the  I«yden  jar  la  dl» 
r^  with  this  diachaigec.  "ioni  ca^Wa  wA.  u^&  um  iaoitcd^  | 


Bring  tbe  coverfd  kuoli  of  the  disrliarK^r  Ir 
of  the  jar  with  a  quick  motloii. 

Experiment  53.— The  "  elec^lric  bonili," 
may  be  mftdeofWorj'.lnsavyjjlBBS.oithortmgli- 
ly  seasoned  wckkI.  Tlie  enda  of  tlio  two  moUl 
wires  are  rounded  ami  [iUuikI  u  itiiort  distauw 
apart.  The  bomb  may  bo  filled  with  guu- 
Ijomder.  One  wire  ia  connected  by  a  chain 
witb  the  outer  coat  of  a  charged  Leyden  jar. 
The  other  wire  is  to  he  connected  with  the 
inner  coat  by  a  wd  itring  and  the  discharger. 
The  spark  between  the  ends  of  the  two  wires 
s  the  powder.  Then  try  thu  esperiraect 
h  air  inslead  of  powder. 


Fig.  164, 


method  of  igniting  an 
inOammable  liquid,  like 
ether  or  alcohol,  by  the 
electric  sjMirk.  Through 
the  bottom  of  a  small 
glasB  veseel,  a.  paaaea  a 
metal  rod,  having  a  knob 
nt  its  upper  extremity. 
The  lower  end  of  this 
rod  may  be  brought  into 
electrical  connection  with 
the  outer  coat  of  a  Ley- 
den jar.  Enough  ethi;r 
or  Biciihol  is  poure<t  iuto 
a  juBt  to  coTer  the  knob. 
When  the  jar  is  dis- 
clia^ed  in  the  way 
Bhown  in  the  figure,  the 
spark  ignites  the  liquid. 
If  alcohol  is  used,  it  may 
have  to  be  warmed  to 
render  the  elperimont 
aucceeaful. 


EKperiment  55. — Lei 
a  pupil,  standing  on  an 
insulating  M.oo\,  \iHaaaie 
cIh>b^  J^  ht^mg  oaa  hmid  ou  the  prime  cui^4att\*n  'WWiOi  '^M 
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\   maoliine  ia  in  operation.    If  he  then  bring  Uia  knnckle  to  a  metAl 

burner  from  which  a  jet  of  gaa  is  igsoillg,  a.  spark  will  pssa  be. 

1    Iween  the  knucklii  aod  the  burner,  igniting  ttje  ga&     An  Aigmd 

r  Btinsen  humer  answers  well  fur  tbia  esjjvriuiunt.      The  expcrl- 

^iiy  be  modified  by  using,  instead  of  the  knucklE',  an  idrle 

huld  in  the  liati'l.     Tlie  gas  burner  ma^  be  replaced  by  a  papil  {not 

mlatcd)  hulciing  a  apooDfuI  ot  ether  or  of  chlorolbrm  wliich  readil; 

pvea  off  an  easily  couibuBtible  vapor. 

Experiment  56.— Tlie  "  univerBal  discharger,"  shown  in  Fig.  UK, 
cottsistB  of  a  gluss  table  and  twu  insulated  metal  rods.    (See  §  3S8  a.) 
Balla,   points  and   pincers  are 
provided  for   use   at  the  adji- 
ci^nt  pads  of  the  rods  whicb.  are 
supported    upon    sliding   anil 
hi  nged  joints,  so  that  they  inaj 
be  easily  placed  in  any  dear- 
able   position.     Cover  the  ad- 
>  JLcent   ends  of   the   two  lodi 
Fig.  i6b.  with  metal  balls  and  plac 

upon  t)ie  glass  table,  a 
distance  apart.  Connect  the  balls  by  a  VL'iy  fine  win.  One  of  the 
rods  is  to  be  connected  by  a  wire  or  chain  with  the  outer  o 
powerful  battery  ;  the  other  rod  is  to  be  connected,  \sj  the  disehsTger. 
(Fig.  150)  with  the  inner  coats  oP  the  battery.  T)ie  current  thns 
passed  along  the  line  wire  may  heat  It  to  incandeacenDe,  melt  oi 
even  vaporize  it. 

Experiment  57.  — Prick  a  profile  portrait  of  Franklin  or  Bome  other 
design  in  a  sheet  of  thin  card  hoard.  Paste  two  pieces  of  ti 
the  ends  of  the  card  and  join  them  with  a  piece  of  gold  leaf  placed 
over  the  pricked  dinign.  Place  a  piece  of  white  paper  or  ^Ik  on  th» 
other  side  of  the  card  and  have  the  whole  tightly  screwed  Dp  be 
tween  two  hour<!s,  leaving  the  edges  of  the  tin-foil  strips  accessible, 
Diacharge  a  Leyden  baitory  through  tiie  gold  leaf,  thus  volatizing 
it,  Bending  the  disintegrated  particles  through  the  holes  in  the  card 
hoard  and  obtaining  an  impreasioo  of  the  portrait. 

Experiment    58, — Fig.    1G7   represents  '"Volta'a  pistol,"    which 
consists  of  a  metal  veiiiHel  through  one  side  of  which  passes  e 
sulated  metal  rod  with  knobs  at  both  ends.    The  knob  at  the 
end  of  this  rod  is  near  the  oppooito  wall,  so  that  a  spsrk  may  easilr 
be  made  to  pass  between  the  feucAj  &n4  tlw.  liody  of  the  pistol, 
pistol  heiog  filled  with  *  nuxkaia  ot  Vi\v\uui«)^ii.itiGWk  *aii. « 


air  \d  eqDsl  volumes  or  with  oxygen  luid  hjdrogun  to  the  proportion 
ofooe  Tolnine  of  Ihe  former  to  two  of  the  latter  and,  the  mouth  being 
closed  by  t.  corh,  the  paasBge  ot  the  spark  bringa 
about  a  chemical  onion  of  tlie  tiiised  giieeB.  a 
violent  explosion  ensues  and  the  cork  in  thniwa 
eome  distanct.  The  spark  mav  be  produced  bj 
holding  the  pistol  in  the  hand  and  bringing  tlie 
oatet  knob  near  the  prime  (wnduutur ;  or  the 
pistol  njay  Ije  suspended  froiii  the  prime  con- 
ductor hy  a  wire  or  cbaio  and  the  pii^tol  thon 
touched  with  the  hand.  The  piatol  may  also  be 
fired  by  means  of  the  electrophorus. 

Experiment  59. — On  the  glass  table  of  the 
univeraal  discharger  (Fig,  166),  place  a  piece  of  F'<^-   1^7- 

wood  and  hrlng  the  tnobg  of  the  sliding  r<idB 
agninet  its   ends  bo  that   the  line  joining   the  huohe   shDll  be  in 
the  dirention  of  the  fibers  of  the  wood.    Through  the  apimratus  thus 
uirHnged,  disfharge  a  powerful  Leyden  jar  battery.     Tlie  jriece  ol 
wood  will  be  lorn  in  pieccB. 

Experiment  60,— Support  a  iiaoe  of  glaiw  upon  n  glass  cylinder, 
in  the  sxis  of  which  ia  a  pointed  conductor  that   just    touches  the 


pane.  On  the  upper  side  of  the  pane  directly  over  this  pointed  con- 
ductor, place  a  drop  of  oil  to  prevent  tho  spark  ttmn  gUAwnt,  inw 
^ggf&g?  of  tho  giase  instead  of  |»oBang  through,    ^ramMi'aw 
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\  Bulated  BQpport,  tower  a  eocood  poiuted  condactor  natil  it  touchea 
e  pane  at  lli«  oil.  Through  theee  ttro  pointed  condactcrs  (FIk 
).  diBcharguaLeydenjar  wioWery.  Unleas  the  glass  istwrytAi'n, 
a  BJDgle  jar  will  not  be  BidBcienl.  If  the  exp«r)metii  (ails  the  finl 
time,  do  not  uae  the  same  piece  of  glass  for  llic  second  trial.  A  plate 
of  glass,  6  tm.  thick,  has  been  pierced  by  means  of  a  powerful  in- 
duction coil. 

Experiment  61. — With  corks,  plug  the  ends  of  a  (;]as&  lulie  filled 
Throagh  tlie  corks,  intnidnce  copper  wires  until  Iha 


\ 


ithin  a  quarter  of  an  incli  of  each  other, 
1,  discharge  a  Leyden  jar.  The  tnechanical  shock 
a  of  the  electrified  water  molecules  wUl  often 


ends  in  the  water 
Thfough  theeowii 
3  the  lepuls 
break  the  tnbe. 

Experiment  62.— Charge  a  Lejden  jar.     In  discharging  it,  hold 
«  stiff  card  between  the  knob  of  the  jar  and  the  knob  of  thedls 


K  obarger,     A  hole  will  be  pierced  through  (he  card.     Sj  tb*a 
Iff  bolf  in  tita  card,  vat^  aaoQua  m^  a,  v'^o.    baq.«d 


Experiment  63- — One  of  the  inevitable  esperimeDts  with  an  elec. 
trie  niacliine  conBJeta  in  "  drawing  ttiarita  "  from  tlie  coiidui-lor  by 
the  hand  (llg.  1"8).  When  tliis  poipnlial  uf  tUoseiMiratoJulectrid- 
ties  becomes  HufBd[.'nt  to  OTi^rcoino  the  ri^tiigtauice  of  the  iutervenioff 
air,  they  recombine  nith  a  sharp,  exploaire  sound  and  brilliant  flwli 
ofUght.     (gB62.) 

Experiment   64.— Divide  a  circlo 

into  bladl  and  white  sectors,  as  shown 
in  Fig.  170.  and  attach  it  to  a  wlilrl- 
"  p  table  (§  74).  Revolve  it  bo  rapidly 
|t  the  colors  blend  and  the  diiic  ap- 
niform  gray.  Darkrii  tlin 
I  And  illuminate  the  rapidly  n-- 
Bvinp:  disc  by  the  elertric  npark 
1  Lryiien  jar.  The  disc  will 
at  rest  and  «u;h  xivtjir  will 
r  Bopttrate  from  ite  neifthliiira. 
i  shows  that  the  duration  of  the 
e  i^nufc  is  less  than  the  [HirKiat- 

Experiment  65.— In  a  dark  roonj,  place  a  piece 
of  toHf  BUgnr  in  contact  with  the  outside  cuat  of  a 
charpd  l*y<len  jar.  Place  one  knob  of  the  dia- 
cLarger  upon  tlie  supar  and  bring  the  other  neat 
Ihe  knob  of  tlip  Jar.  When  the  jar  is  disc!ia:^ed 
rhuB  through  tlie  sugar,  the  sugar  will  glow  for 


Experiment  66. — The  "Inminous  ]ar,"  repre 
eented  in  Fig.  171.  is  a  niodlBed  Leyden  Jar.  The 
iiuter  coat  consistB  chiefly  of  a  layer  of  varaisli 
sprinkled  over  with  metallic  powder.  A  strip  of 
tin-foil  at  the  bottom  affords  means  of  coniniunioa- 
tioii  with  the  earth.  A  similar  band  nt  the  upper 
edtP  of  the  outer  coat  i?  providwl  "n-ilii  an  arm,  as 
^howll  in  the  figure,  Tlip  rod  of  the  jiir  is  curved 
)  bring  the  knoh  near  the  projecting  arm  of  the  oitimwiKt. 
fj»r  iM  auspeaded  by  the  curved  rod  fTom  tViQ  ^fn&e  i»nv&»)AEiv 
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and  it«  lower  strip  of  tin-fo)!  nnuieeted 
witli  the  eBrth.  When  ihe  mncfaine  ii 
worked,  Bparks  pasH  between  the  knob 
and  the  pjojectinp;  arm.  lu  a  dark  n 
the  metallic  powder  coat  will  be  beanii- 
fullj-  iliiUDiaated  at  the  pnseage  of  eicb 
Bucli  Bpark. 

Experiment    67.— The 

pane"  Is  represented  in  Fig.  173.  A 
continnonB  tin-foil  Blrip  is  pasted  back 
and  furth  upon  the  surface  of  a  plateof 
glBBs  The  upper  end  of  this  strip  1h  con 
netted  with  the  prime  conductor;  the 
loner  end  with  the  eattb.  A  series  nf 
breaks  in  this  eonlinuouB  conductor  waj 
bt  mude  bj  cutting  it  across  with  a  shnip 
pen-knife.  Wlien  Ihe  machine  Is  worked, 
a  small  spark  will  appear  at  *ach  break 
thiis  made.  These  breaks  m»y  be  af- 
ranged  eabnio  represent  a  flower,  star, 
arch,  word  or  other  de- 
sign.     The  sparks  are 


Experiment     68,  — 

The  ■■  luminous  globe  " 
is  represented  in  Fig. 
178  and  the  "  luminuus 
tube  "in  Fig.  174.  The 
first  of  these  consists 
of  a  hollow  glass  globe, 
on  the  inner  surface  of 
which  Hmall  disna  of 
liu-foil  ara  placed  Terr 
nciir  (-ach  other.     The 

lion    with    the   prime 
conductor,  and  the  last    . 
one  with   the   ground. 
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worked,  bright  apiirka  appear  at  eaob  break  between  the  discs.    TliP 


Experiment  69. — If  two  barometer 
jtobcB,  united  at  tbe  top,  be  filled  with 
p.inercury  and  inverted 
mercury,  as  shown  in  Fig.  175,  a  Torri- 
cellian vacuum  will  be  Ibrineil  at  thti 
bend.  When  the  mercmy  of  one  oup  is 
connected  with  the  prime  conductor  and 
that  of  the  other  with  the  earth,  the  up- 
per part  of  the  tube  (containing  only  mer 
curie andotliervapiirs) is  filled  nilb  light. 
'llie  luminoaitj  may  be  increased  bi 
raining  the  temperature  aud  thus  in 
creaaing  the  density  of  tbe  aSriform 
dnctor.  (A  true  vacuum  will  not 
duct  electricity.)  The  apparatus  may 
be  put  iDto  tbe  circuit  of  an  induction 
omI  instead  of  connecting  It  with  the 

time  conductor  and  the  eartb. 
Experiment  70,— "Geissler'a  Tubes" 
;  sealed  glass  tiilitnn  containing  a 
(hly  imrefled  vapor  or  gan.  Platinum 
ns  are  sealed  into  tbe  ^^lass  at  each 
I,  to  conduct  the  electric  current  to 
I  Interior  of  the  tube.  The  brilliancy 
a  beauty  of  the  light,  tbe  great  variety 
o(  pffocte,  color  and  fluorescence,  are  indeacribable.  The/  aw  made 
in  great  variety  of  form  and  size  and  Sited  with  rale6ed  vapors  and 
ga>ee  of  many  kinds.     A  few  of  the  forma  are  lepiesented  in  Elg. 


Fig.  175. 


•^^^^msK-T^ 


^fiso 
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Experiment  71,— In  "Crookes'B  Tubes,"  dfvised  in  taaay  forms 
by  Prof.  Crookes  for  his  iaveatigBtions  of  the  phenomeoa  i>(  ■'  radiant; 
mattet"  (§  59  h).  the  tonsion  of  the  coDtained  gas  is  reduced  toabao'. 
one  millionth  nf  aa  atmosphere,  far  below  tliut  of  Oeiselet's  tab^E 
Under  the  Influence  of  the  electric  discharge,  matter  seems  to  ii° 
radiated  from  tlie  ne^tive  polo  In  struight  liaes  and  in  direction^ 
perpendicular  to  the  radiating  surface. 


Fia.  I7J. 


(a.)  One  of  these  tabes,  used  to  show  that  radiant  matter  "  may 
exert  mechanical  action,  is  shown  in  Fig.  1 T7.  It  consiatB  of  a  highly 
ixbansLed  glaee  tube  containiog  a  glaas  railwaj-.  Tlie  ail.'  of  a 
amall  wheel  revolves  on  the  rails,  the  spokes  of  the  wheels  carrying 


I 

4 

I 


mica  paddles.     Pole  pieces  are  fused  in  through  the  glass,  as  repre- 
genced.     Whichever  pole  is  made  negblwe, "  w4\m,<.  matter  "  ^rte 
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From  it  along-  tbe  tube,  etrikea  the  apper  paddles.  cauBlng  tLe  wlieel 
to  roll  along  llie  railway.  By  reversing  the  polea  tlie  motion  of  the 
wheel  may  be  stopped  and  revprsed. 

(fi.)  To  show  that  ■'radiant  matter"  luBy  be  deflected  from  a 
straiglit  line,  he  devised  tlio  tube  ehovcn  in  Fi);.  178.  The  negative 
pole,  (I  i^.  \s  in  the  form  of  a  shallow  cap.  A  mica  Ecreen,  e,  tbielda 
tbe  mica  paddle-wheel,  ef.  By  holding  one  pole  uf  tbe  magnet,  g, 
over  the  tube,  the  matter  radiated  from  ii  A  is  deflected  upward  UDd 
Ihn  wheol  <!anBed  to  revolve  like  an  oversliotvruter  wlieol.  By  bold- 
iug  the  other  pole  of  the  magnet  over  the  tulie,  the  molecular  st ream 
ia  defli*t<'d  downward  alid  the  wlieel  caused  to  revolve  as  an  under- 
shot wuter-wheel.     (See  Appendix  C.) 

373.   Belation   »('  Electricity  to  Energy, — 

The  work  necessarily  performed  in  operating  iin  elei;t.rio 
inaeliiau  is  not  iill  cxjiouiled  in  overcoming  inertia  and 
friction.  Mnch  of  it  is  employed  in  producing  eleetrie 
Beparation.  It  matters  not  whether  this  scpitration  be 
the  separation  of  two  fluids  or  of  something  else.  WTiat- 
ever  be  the  ruituro  of  the  reaiities  separated,  m,e~ 
ehanical,  kinetic  energy  is  empl-oyed  in  the  separa- 
tion and  converted  into  the  potential  variety  (§  159). 
An  eleetrified  pith  liall  or  a  charged  Leyden  jar  is  simjily 
an  electro  statical  reservoir  of  potential  energy.  In  the 
diachaj-ging  of  such  a  body,  the  passage  of  the  current  ia 
accompanied  bya  loss  of  potential  energy.  What  becomes 
of  this  energy?  This  leada  ns  to  look  for  effects  due  to 
it,  to  work  done  by  it.  Many  illnstratione  of  work  thus 
done  have  been  furnished  in  the  experiments  just  de- 
scribed. In  eyery  case  of  electric  attraction  or  repulsion, 
WQ  have  an  evident  reconversion  of  thia  potential  energy 
into  mechanical  kinetic  enei^y.  We  shall  soon  see  that 
tlie  sound,  heat  and  light  accompanying  electric  dis- 
charges are  forms  of  energy  due  to  the  conversion  of  the 
potential  energy  of  electric  separation,    We  shall  aee  othw 


I 
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effecte,  more  or  less  powerful,  when  we  come  to  t/BO&j 
Toltaic  and  other  forma  of  current  electricity. 


ESEBCISZS. 

1.  (a,)  If  a  gold-ltaf  electroscope  be  placed  within  a  tin  pail  nUeh 
is  iiiBulatad  and  electrified,  nbat  will  be  the  action  of  tbe  electro- 
Bcope?     (6.)  Explain. 

2.  (a.)  Why  mny  one  obtain  a  stronger  apark  from  a  Lejden  jtr 
than  from  the  niacbine  bj  whicli  it  is  oliarged  ?  (ft.)  A  Leyden  ji 
standing  upon  a  glass  plate  cannot  be  gtrongly  cbarged.     Whyl 

3.  (a.)  A  globe  tlmt  ia  poliahed  will  retniuu  electrified  longer  lliau 
one  that  is  not  poliaLed.  WLy  t  (fi.)  Can  fou  devise  an  appendligB 
to  the  outer  coat  of  a  Leyden  jar,  ho  that  it  ma;  be  charged  when 
Btandintt  upon  a  plate  of  glaesV 

4.  (d.)  Describe  the  plate  electric  machine,  (b.)  Explain  It«  ftfr- 
tion.     |e.)  Explain  the  action  of  the  electrophorae. 

5.  (a.)  A  minute  after  the  diaoharge  of  a  Leyden  jar,  a  aeoond  ud 
feebler  Bpack  may  generallj  be  obtained.     Explain,     (i.)  Stoite  i 
OBes  of  lightning-rods. 

6.  (a.)  Haying  a  melal  globe  i«8itively  electrified,  how  could  y 
with  it  negatively  electrify  a  dozen  globes  of  equal  aize  witboat 
aObcting  the  charge  of  the  first  ?    (A.)  How  could  you  charge  posi- 
tively one  of  toe  dozen  withont  afi'ecting  the  charge  of  the  DiBtt 

7.  Can  you  devise  a  plan  by  which  a  series  of  Leydien  jare,  placed 
upon  a  glass  plate,  may  be  simultaneously  charged,  the  fint  posi- 
tively, the  second  negatively,  the  third  positively,  this  nest  nega- 
tively and  BO 

8.  H.OW  would  you  prove  that  there  ie  no  electrification  wtltdnk 
closed  conductor? 

9.  At  what  distance  from  a  small  sphere  charged  with  28  imita  o( 
electricity  must  you  place  a  second  sphere  charged  with  S6  unila 
that  one  may  repel  tiie  other  with  a  force  of  33  dynes?    All».  1  a 

10.  If  a  number  of  Leyden  jars  be  separately  charged  in  tin 
dinary  way  and  then  cinnected  in  seriea,  so  that  the  outer  coating 
nf  one  is  connected  with  tbe  inner  coating  of  the  uext,  will  tbe  po- 
tentlal  of  the  battery  be  changed  and  in  what  w 

11.  Will  the  "  Btrikinjt  distance  "  of  a  battery  of  Leyden  jars  in 
series  1m  less  or  greater  than  the  striking  distance  (i.e.,  tbe  greatest 
dietaoce  at  which  the  discharge  by  spark  will  take  place  tbrongli 
air)  of  a  battery  of  the  some  number  of  similar  cells  arrnnged  abreast 

MaBbawa  in  Fig,  158 1 
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12.  In  what  way  may  an  electric  charge  be  divided  into  three 
equal  parts? 

13.  Suppose  two  similar  conductors  to  be  electrified,  one  with  a 
+  charge  of  5  units  and  the  other  with  a  —  charge  of  3  units. 
They  are  made  to  touch  each  other.  When  they  are  separated, 
what  will  be  the  charge  of  each  ? 

Ans.  One  unit  of  +  electricity. 

14.  Why  are  telegraphic  signals  through  a  submerged  cable  re- 
tarded in  transmission? 


f         t 
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Recapitulation. — To  be  amplified  by  the  pupil  for 


review. 
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pSecTION  III. 


VOLTAIC     AND     THERMO-ELECTRICITY, 

373.  Chemical  Action. — Al!  cbeniical  chanj^cs  ure 
accompanied  by  electric  separaiiou.  Tho  substauces  act«d 
upon  may  be  solid,  liquid  or  aeriform,  bnt  tbe  chemical 
action  between  liquids  aud  metals  gives  results  the  most. 
satisfactory.  Electricity  thiia  developed  is  culled  voltfiie 
or  galvanic  dectriciti/.  Its  energy  ig  derived  from  the 
potential  energy  of  chemical  affinity  (§  7). 

374.  Current  Electricity. — Tbe  principal  classes 
of  electric  correnta  are  as  follows: 

(1.)  Currents  produced  hy  chemical  action;  i.  o., 
voltaic  electricity. 

(2.)  Citrrcnts  produced  by  heat,  i.  e.,  thermo- 
electricity. 

(3.)  Currents  produced  by  other  electric  currents 
or  by  magnets,  i.  e.,  induced  electricity. 

{a.)  We  have  seen  that,  when  a  bodj  having  an  electrical  charge 
\s  pr(ii>erly  conoected  with  another  of  lower  potential,  there  is  a. 
transfer  o[  eleotricity  from  the  former  to  the  latter.  This  implies 
that  there  ie  an  electric  current.  But  thia  current  la  only  momentary 
Riid  of  little  importance  in  compnriBon  with  the  currents  that  we  are 
nlioDt  to  consider.  (Arrant  elertriclty  may  cliBfer  from  static  elec- 
tricity in  quantity,  electromotive  forCR,  etc. ,  Imt  not  in  its  Tiaiure. 

375.  Tlie  Voltaic  Current.  —  When  a  strip  of 
copper  and  one  of  zino  uro  placed  iu  dilutu  &u\\iW"tw  'aci-^ 


or  in  a  battery  solution  like  the  one  already  used,  the  (WQ 
strips  being  connected  above  the  acid  by  a  wire  conductor, 

a  current  of  electricity  is  produced. 

The-  appOfTatus   here  descried 

is  called  a  voltaic  or  galvanic 
elemeiht  or  eeU. 

('!,}  For  voltaic  purposes,  the  aulphuric 

add  shoald  be  dilated  by  sluwly  pouring 

the  neid  into  tan  or  twelve  timee  ita  bnik 

of  soft  water.      Do  not  pour  the  wstei 

into  the  acid. 

FiG  179  376^  Whence  the  Energy 

of  Current  ? — The  energj'  of  the  current  is  duo  to  Iha 
potential  energy  of  chemical  aEBiiity  existing  between  the 
acid  and  the  zinc.  Ae  the  chemical  affinity  between  coal 
and  oxygen  develops,  in  the  furnace,  a  form  of  kinetic  en- 
ergy that  we  call  heat,  ao  the  potential  energy  of  chemical 
separation  between  the  acid  and  the  zinc  develops,  in  the 
cell,  the  two  varieties  of  kinetic  energy,  beat  and  electric 
current.  The  coal  is  consumed  in  the  one  case ;  the  zinc, 
in  the  other. 

377.  Direction  of  the  Current. — For  this  |bo- 

duction  of  the  electric  current,  it  is  neceasaiy  that  ths 
liquid  have  a  greater  action  upon  one  plate  than  upon  the 
other.  The  plate  tbat  is  more  vigorously  acted  upon  by 
the  liquid  oonstitutea  the  generating  or  positive  plate;  the 
other,  the  collecting  or  negative  plate.  This  relation  of 
the  plaf«B  determines  the  direction  of  the  current.  In 
the  liquid,  the  current  is  from  the  positive  to  ths 
negative  plate;  in  the  wire,  the  current  is  from 
Mg  positive   to   the   nejatluc    cltctrodA.     iit 
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case,  the  current  passes  from  +  to  —.    The  direction 
of  ihe  current  ia  indicated  by  arrows  io  Fig.  179. 

When  the  wirea  from  the  two  plates  are  in  contact,  it 
is  said  that  the  circiiil  is  dosed;  when  the  platflB  are  not 
thus  in  electrjc  connection,  it  ia  said  that  the  vircuit, 
broken. 

378.  Electrodes. — It  may  help  the  memory  to 
pose  that,  in  a  yoltaic  cell,  two  currente,  oppfjsite  in  kind 
and  direction,  are  simuU-aneonsly  produced.  It  will  be 
readily  understood,  by  keeping  in  mind  the  direction  of 
these  two  currents,  that,  if  the  circuit  be  broken,  negative 
electricity  will  accumulate  at  the  end  of  the  wire  attached 
to  the  positive  plat«  and  positive  electricity  at  the  end  of 
the  wire  attached  to  the  negative  plate.  These  ends  of 
the  ivires  are  thero  called  poles  or  electrodes.  The 
negative  pole  is  attached  to  the  positive  plate  and 
vice  versa.  The  plate  or  electrode  from  which  the 
current  flows  is  +  ;  that  toward  which  the  current 
flows  is  ^.  Strips  of  platinum  are  often  fastened  to  the 
ends  of  the  wires;  these  platinum  strips  then  constitute 
the  electrodes. 

379.  Resistance. — Every  electric  circuit  offers  a  re- 
sistance to  the  passage  of  the  cun'ent.  This  resistance 
will,  of  course,  depend  largely  upon  the  materials  used  for 
the  circuit.     (See  Appendix  K.) 

^^  {!.)  With  a  conducting  wire  of  a  given  material, 
^Hfa  resistance  is  proportional  to  the  length.  If  the 
^HHstmee  of  a  mile  of  telegraph  wire  he  13  ohms,  the  re- 
^^Btence  of  50  miles  of  such  wire  will  he  (13  ohma  x  50  =) 
650  ohms. 


rind      n 
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^Hj^  resistanos  is  inversely  proportional  to  its 
^V  tional  area,  to  the  square  of  its  diameter  or  to  i^ 
weight  per  linear  unit.  If  one  conductor  be  twice  the 
diameter  ofanother  made  of  the  same  length  and  material, 
the  sectional  area  or  the  weight  per  foot  or  yard  will  be 
(S>=)  four  times  as  great  and  the  resistance  of  the  6itt 
will  be  one-fourth  as  great  as  that  of  the  second.  If  they 
be  made  of  the  game  material  and  length,  one  weigbiog 
twice  as  much  per  foot-aa  the  latter,  the  resistanoe  of  the 
irmer  will  be  half  as  great  as  that  of  the  latter.  (See 
Appendix  I.) 

(3.)  Tlie  resistance  of  a  conducting  wire  of  givm 
length  and  thickness  depends  upon  the  mnt<erial 
of  which  it  is  made,  i.  e„  upon  the  specific  resist- 
ance of  the  material.     {See  Appendix  K,  [2].) 

(4.)  The  resistance  of  a  given  eouductor  may  vary  with 
its  temperature.     (See  Appendix  K,  [3].) 

(a.)  Condoctivity  and  reBistaDco  are  redprocals,  but  it  is  more 
common  to  sp^ak  of  the  reeiHtanceH  of  coaductora  thun  of  tlieir  cnn- 
dnclivitiee. 


3SO.  Tlie  Practical  Unit  of  Resistauce^-. 

The  practical  unit  of  resistance  is  called  an  ohmi 
A  nbegohm  is  a  mUlion  ohm,s.  A  mieroftm,  is  onff- 
niUlwuth  of  an  ohm.  The  ohm  is  the  resistance  of  a 
column  of  mercury  one  square  millimeter  in  section  and  at 
the  freezing  temperature  (0°  C).  The  exact  length  of  tlue 
column  is  to  be  determined  esperimentally  by  an  intema- 
tional  commission.  A  recent  detierminatiou  of  the  vahie 
of  the  ohm  (prubftbly  tlie  heat  yet  made)  gives  the  mercnij 
column  a  length  of  106.;^  cm.  If  the  pupil  will  get,  itim 
me  dcjjJer  i|i  electricaA  Btty'pViea,  40 1^  lA'&o.'iAVaiBatotsd 
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copper  wiro  (seo  ApjieiKiijt  I),  he  will  liavf  a  very  good 
standard  ohm. 

{a.)  A  galvanized  iron  (teleuaph)  wire,  i  millimeters  in  dismeter 
and  100  meters  long,  or  a  pure  copper  wire,  1  millimeter  in  diameter 
and  48  meters  long,  lies  a  reaistincB  of  about  one  ohm.  An  ohm 
equals  10'  absolale  electro-magnetic  ODita  {%  452).  (For  tlie  m 
le  Appendii  M,  [3  and  3).) 


aSl.  Examides.— (n.)  If  Ihe  resistance  ot  130  yd.  of  coppnr 
wire,  -f,  inch  in  diuneter.  be  one  ohm,  what  is  the  riwistsDce  of  360 
yd.  of  copper  wire,  ^  inch  in  diameter?  Since  the  diameter  of  the 
first  wire  is  twice  that  of  the  sttcond,  the  sectional  area  of  the  first  will 
be  four  times  that  of  the  second.  (Areas  of  circles  are  proportional 
to  the  squares  of  their  diameters.)  Therefore,  the  resistance  of  the 
same  len^h  (130  yde.)  of  the  smaller  wire  will  be  four  times  that  of 
the  larger  wire,  or  i  ohms.  But  the  second  or  smaller  wire  is  twice 
as  I'lng.  Therefore,  its  resislauce  will  be  twice  (fJJ)  as  groat,  or  8 
ohms.  Arts.  8  ohms. 

(A.I  What  is  the  resistance  of  'X)  jd.  of  platinum  wire,  0.016  inch 
in  diameter,  if  the  resistance  <if  3O0  ji.  of  copper  wire,  134  mils  in 
(liametDr,  is  0.34  ohm  and  the  relative  resistances  of  platinum  and 
copper  are  as  11.3  :  1 !  {A  mil  ia  the  one-thouaandth  of  an  inch. 
The  term  is  froquently  used  in  descriptions  of  wire.) 

Ant.  36.9S  ohms. 

83.  Electromotive  Force.— Electromotive  force 
(oftfiii  written  E.  M.  F.  or  simplj  A'.)  is  the  mysterioua 
|Kiwer  that  causes  a  transfer  of  electricity  from  one  point 
lo  another.  It  ia  aomowhat  analogous  to  hydroatatic  pres- 
sure. Wherever  there  ia  difference  of  potential,  there  is 
E.  M.  F.  The  terms  are  not  synonymous,  although,  for 
conveDience. -fi".  M.  F.  is  often  expressed  as- difference  of 
potential  and  vice  rerm.  The  B.  M.  F.  of  a  voltaic 
coll  depends  upon  the  nature  of  the  materials  used  and 
not  upon   the  size  of  the  platiis  or  the  diatance  between 


The  ittiit  of  electromotive  force  U  called  a,  volt 
\  ^  microvolt  is  one-millionth  of  a,  volt. 

A  volt  is  a  little  less  than  the  E.  M.  F.  of  a,  Daniel]  cell 
[  (§  394),  which  measures  1.079  Tolts. 

(u.)   A  Tolt  eqnals  10"  absolute  electro-iuagtietic  unitB  (§  4ti^ 
if  E.  M.  F.  Bee  Appendii  M,  [4].| 

883.   Internal   liettiHtauce.  —  We   may  imagiiie 

[  that  the  two  plates  of  a  voltaic  cell  are  couuected  by  a 
,  liquid  prism.  The  greater  the  distance  between  the  {dates, 
I  the  loDger  this  jirisiu  and  the  greater  its  resistanco.  The 
'  larger  the  plates,  the  larger  the  prism  and  the  less  its  re- 
I  sistauce-     (See  Appendix  M,  [3].) 

When  the  circiiit  is  closed,  hydrogen  is  set  free  by  the 
.  decomposition  of  the  liqnid  and  rises  from  the  snrface  of 
the  negative  piato.  Gases  are  poor  conductors.  Hence, 
the  hydrogen  bubbles  that  often  adhere  to  the  negative 
plate  increase  the  internal  resistance  of  the  cell  by  lessen- 
ing the  effective  surface  of  the  plate  {§  389).  Thia  tan- 
dency  of  the  hydrogen  to  adhere  to  the  plate  is  one  of 
the  practical  difBcultiea  to  he  overcome  in  working  a 
ToltMc  cell  or  batterj'. 


384.  PaU  of  Poteiitiiil.- 


-The  eiiiatence  of  a  tnir- 
rent  is  evidence  of  a 
difference  of  potential 
at  any  two  consecu- 
tive points  of  the  c\f 

C  init.  It  may  he  well 
to  compare  the  flon" 
of  electricity  with  the 
flow  of  water  in  hori- 


lofalpipee  and  diSeceace  ut  ^Uia'u»XM{4'Sk^S 


iijdroabatic  preseure.  Let  Fig.  180  represent  a  vessel  6Ued 
with  water.  The  tap  at  C  is  closed  and  the  water  Btands  at 
the  Bume  level  in  all  of  the  vertical  tubes  (§  ^34)  showing 
that  there  h  no  difference  of  preaaui*  and,  consi'qiieutlj,  iio 
liquid  flow.  Similarly, 
when  there  is  do  differ- 
ence of  potential  there  is 
no  electric  flow.  Bnt 
when  the  tap  at  O  is 
opened,  as  represented  ' 
in  Fig.  181,  it  is  noticed  ^  -  --^-^^^^^-~  ~ 
that  the  level  in  the  ver- 
tical tnbes  becomes  lower  as  we  pass  from  ^  toward  C.  The 
height  of  water  in  each  vertical  tnbe  indicates  the  presanre 
at  that  part  of  the  tube,  B.  This  difference  in  hydrostatic 
pressure  produces  a  flow  of  water.  In  much  the  same  way, 
if  the  electric  potential  of  a  voltaic  circuit  be  measured  at 
different  points,  it  will  he  found  to  decrease  from  the  +  pole 
to  the  —  pole.  If  the  circuit  be  a  wire  of  uniform  size 
and  material,  the  resistance  offered  by  it  will  be  uniform 
and  the  potential  will  fall  nniformly,  K,  however,  the  cir- 
cuit be  made  to  have  a  varying  resistance  in  diflierent  parts, 
the  potential  will  fall  most  rapidly  along  the  parts  of 
greatest  resistance.     For  the  whole  or  any  part  of  the 

Fjuit,  the  fall  of  potential  will  be  proportional  to  the 
istance. 

(a.)  A  number  of  hydraulic  motors  may  be  worked  "in  series" 
upon  a  given  water  pipe,  the  outflow  of  thu  first  being  tlie  supply  of 
the  Becond-  The  work  done  in  any  motor  may  be  determined  from 
the  qasntity  of  watfr  flowing  throuEli  tlye  pipe  or  motor  per  second 
S,  tht:  differene-f  l>etwt»en  the  aopply  pressure  and  the  back  preBsure 
'  e  motdr.  Tbere  will  be  a  fall  of  prepaiire  between  the  two  ddes 
«,mDtori>t  wort.    The  more  work  the  motor  t»B  Vi  4o,ftiBvwst* 
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rengtaiiee  it  will  offer  to  the  flow  of  water  and  the  greater  ttto  Ml  of 
preHBttro.  Similarly,  a  number  of  telegraph  if  inHtrnmcnlaofplretrid 
lamps  way  I*  placed  in  sericB  ujKin  an  electric  circuit.  Tbe  imrk 
done  in  each  iuatrument  or  lamp  will  ilppend  upon  the  carrfol 
strength  and  l1i<'  diftbrence  of  fjotentlal  l)e1.'neen  the  two  t«rmingts 
of  the  inHtrumeiit  nr  liimp.  Tlipre  will  he  a  fall  of  a  certain  nuuilwr 
of  voltB  hetween  the  two  terminals,  depending  upon  the  intervening 
reslBtanoe. 

386.  The  Ampere. — The  strength  of  current  or  its 
ruto  of  flow  (often  called  its  intensity)  will  depend  upon 
electromotive  force  and  reBietance,  increasing  with  the 
former  and  decreasing  with  the  latter.  I7ie  unit  of 
current  is  called  an,  ampere.  One-thousandth  of 
an  ampere  is  called  a  mUli-ampere.  At  any  given 
instant,  the  onrrent  ia  the  same  at  every  part  of  the  circuit. 

(ii.)  The  telegraphic  currents  commonly  used  on  main  lines  vacj 
from  5  to  15  milli-amperes.  The  currents  commonly  used  in  electric 
arc  lamps  vary  from  7  t«i  20  amperes. 

(6.)  The  strength  of  a  current  may  he  meftsnred  by  its  heating 
rffect  (§471)  or  by  the  vrodiicta  of  electrolyfiis,  aa  in  the  case  of  the 
water  vnltaraeter  (§  410).  But  currents  are  peneraliy  meaanred  by  in- 
itrumenta  like  the  galvaimmeter  (§  418).  or  by  their  clectDMuagnelii^ 
effects.  An  instrument  bo  used  is  called  au  ummeter  (ubbreviated 
from  ampere- meter).  An  ampere  cqoale  0.1  or  10~'  of  an  absolute 
electro  magnetic  anit  (§463). 

386.  Ohm's  Law.— 77(.e  strength  of  current 
varies  directly  as  the  £.  JH.  F.  and  inversely  at 
the  resistance.  This  resistance  is  tlie  total  resistiincc  of 
the  circuit,  inclnding  the  iatemal  resistance  of  the  cells 
or  dynamo  and  the  i-eaistance  of  tlie  external  circuit. 


Volts 
Ohms 


=:  Amperes,  i 


=  CxJl;  It=~ 


Standards  for  strength  of  current  have  not  yet  I 


(a.)  Ohm's  great  eerrice  (a.d.,  1837)  to  electricd  wipDw  confqBted 

^ly  in  the  introdnctton   of   llje  accurate   ideas,   elpctromntiTu 

-  •ftirc*',    cum'Dt   Btreiiglh   and    rcBistaiiee,     "  Before   liis    time,   the 

qunntilative  ciicuwBtaaccsof  tlie  el^tric  current  had  heen  IndicBted 

in   B.   very  vagnu  way  bj  tha   use   of    the   terms   '  intenatj' '   and 

'  qitiiniUy,'  to  wUich  no  accurately  defined,  meaning  waa  attached." 

(6.)  If  we  have  a  difference  of  potential  that  se^-areH  au  E.  M.  F. 
of  18  voliB,  and  it  the  total  resistance  of  the  circuit  be  3  ohms,  the 
irtrength  of  the  cnrrent  will  be  8  amperes.  IB  -f  3  =  6.  Tlie 
unalogy  of  flowing  nater  will  again  help  us.  Tlia  rate  at  which  the 
water  is  delivered  will  depend  apon,  not  only  the  head  or  pressure 
(corresponding  to  E.  M.F.),  but  also  upon  the  reeistaDce  itmeetB  with 
in  flawing.  If  the  pipe  be  nnull  and  crooked  or  if  it  be  choked  with 
Band  or  sawdast,  the  water  will  flow  in  a  email  stream  uveo  though 
the  pressure  be  great. 

Experiment  72. — Moke  four  coils  or  spoolH  of  iusuluted  wire  as 
follows:     (See  Appendis  I.) 

No.  1,  of  100  feet  of  No.  Ifl  gauge,  copper. 

No.  S,  of  100        "      ■'    30      •' 

No.  3,  of  50       "      "    80      " 

No.  4,  of   50        "      ■'     30      "        german  silver. 

Place  the  wire  of  the  flrst  siKwl  and  a  galvanometer  {§  418)  In  the 
drcnit  of  one  cell  and  note  the  number  of  degrees  of  deflection  of 
the  galvanometer  needle.  Put  the  second  spool  in  place  of  the  lirst. 
The  sniuller  deflection  shows  that  (other  things  being  equal)  the 
No.  16  wire  transmits  more  current  than  the  No.  80.  Why!  Then 
add  the  third  spool  to  thecircnit.  The  still  smaller  deflection  shows 
that  (other  things  being  equal)  a  long  wire  transmits  less  current 
than  a  shorter  one.  Why!  Bemove  the  seomd  spool  from  the 
circuit  and  note  the  deflection  of  the  galvanometer.  Put  the  fourth 
spool  in  place  of  the  third.  The  diminished  deflection  shows  that 
(nther  things  lieing  equal)  a  german  silver  wire  transmits  less  current 
than  a  copper  wire.  Why!  With  any  one  of  the  apools  in  the  cir- 
cuit, compare  the  galvanometer  deflections  produced  by  a  Bunsen 
cell  and  liy  a  gravity  cell  and  notice  that  the  former  gives  the 
stronger  corrflnt, 

Jfijfc.^Thcse  experimenH  give  wry  erode  reivUi  but,  snch  as 
iliey  nre,  they  fairly  represent  the  measurements  tliat  prevailed 
nntil  rece.ntly.  More  accurate  mensuremenlB  with  numerical  repre- 
sentations of  the  results  are  now  demanded.    Tlie  tk^^A  HA.'VBii>3e&  ^ 
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electrical  acietice  vithin  the  last  few  decftdee  buve  been  veryWg^ 
due  to  the  adoption  ot  definite  anita  and  accarate  deternmutioiH. 

(See  Appendix  M.) 

387.  The  Coniomb.— The  unit  of  quanHtf/ U 
cfilled  the  coulomb.  It  is  the  quantity  of  dee- 
ii-icity  given  hy  a  one  ampere  current  irt  mt 
second.    A  ten  ampere  current  will  give  thirty  coalomba 

in  three  seconds. 

(a.)  The  word  "qnontitj"  wsa  formerly  ased  in  tbe  aenae  ta 
which  the  word  ' '  inteneity  "  was  used  in  g  386,  while  tbe  latla 
word  waa  used  bh  if  it.  depended  upon  E.  M.  F.  alone.  But  qnauliQ 
of  electricity,  clearly,  depends  upon  the  Btrength  of  tbe  CurrBDI  oDl 
the  time  that  the  earrent  fimct.  A  coulomb  eqaala  0.1  or  10~'  of  a 
absolute  electromagnetic  unit  of  quantity  (§  452). 


» 


What  length  of  No.  10  pure  copper  wire  (B.  &  S.)  will  likvei 

!  of  1  ohm  ?    (See  Appendix  I. )  Ang.   061.54  ft, 

A  given  battery  has  an  E.  M.  F.  of  13  volts.     Tbe  intemil 
I  8  obme.      The  resistance  of  the  external  circuit  is  i 
ohms.     What  is  the  strength  of  Ihe  current  J 

8.  The  4  cells  of  a  given  Imtlery  are  connected  so  that  tbe  lotil 
E.  M.  F.  is  4  volts  and  the  internal  resistance  in  SO  ohms.  Tbe 
ertenial  circuit  has  a  reeistanee  of  30  obins.  What  is  the  Btrengtli 
of  the  current  ?  Ann.  0.1  ampere. 

4.  What  lengib  of  co|)per  wire  4  mm.  in  diameter  will  have  the 
same  resistance  as  12  yd.  of  copper  wire  1  mm.  In  diameter? 

Am.  l»2yd. 

5.  The  4  cells  of  a  (jiven  batteij  are  connected  ao  as  tii  give  an 
B.M.  F.of  2  volts  and  to  have  a  total  internal  resistance  of  10  ohtm. 
The  external  circuit  is  a  stout  copper  wire  with  a  resistancn  bo  smill 
that  it  may  be  ignored.     What  is  the  current  strength  1 

6.  The  some  battery  is  used  with  a  telegraphic  sounder  in  \bt 
circuit.  This  instrument  has  a  resistance  of  5  ohms.  What  ia  the 
current  strength  f  Am.  133  mill ijimperes. 

7.  Tlie  resistance  of  47  ft.  of  copper  wire,  32  mils  iu  diameter. 
being  1  ohm,  find  the  resistance  of  200  yd.  of  copper  wire  134  mill 
in  (lianiet(*r.  Am.  0.84  oblD. 

f^f  It  you  do  not  know  w'baX  a  ntW  \«,  canBolt  the  Index. 
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9.  A  battery  has  a  current  of  2  amperes  flowing  thiongli  a  total 
f  eedstance  of  9  ohms.    What  is  the  E.  M.  F.  ? 

9.  The  E.  M.  F.  of  a  battery  is  10  volts.  The  current  is  1  ampere. 
The  external  resistance  is  5  ohms.  What  is  the  internal  resistance 
of  the  battery  ?  Ans,  5  ohms. 

10.  The  potential  of  a  current  falls  45  volts  between  the  two 
termina's  of  an  incandescence  lamp.  The  current  measures  1.25 
amperes.     What  is  the  resistance  of  the  lamp?         Ans,  36  ohms. 

1^^  If  you  do  not  know  what  an  incandescence  lamp  is,  consult 
the  Index. 


388.  Amalgam  atiiig:  the  Kiuc. — Ordinary  ootn- 

mercial  ziue  is  fai'  rroiii  being  pure.  The  cbcmicall; 
pure  metal  is  expensivo.  Wbon  impure  zinc  is  used,  email 
closed  circuits  arc  formed  between  the  particles  of  foreign 
matter  and  the  pa-ticles  of  zinc  This  heal  action,  which 
takes  place  even  when  the  circui  t  of  the  cell  or  battery  is 
broken,  rapidly  destroyB  the  zinc  plate  and  contributes 
nothing  to  the  general  current.  This  waste,  which  would 
not  occur  if  pure  zinc  were  naed,  ia  prevented  by  fre- 
quently amalgamiiting  the  zinc.  This  is  done  by  clean- 
ing the  plate  in  dilute  acid  and  then  rubbing  it  with 
raercury. 

(«.)  The  metliod  of  HUialgnmating  l>attpry  linca  practised  by  the 
Author  IB  as  foUowa :  In  a  glssa  vesael  placed  ID  hot  wnter.  dlEfldve 
IB  eu.  cm.  at  mercury  in  a  mixture  of  170  im.  cm.  of  strong-  nitrio 
and  aud  625  eu,  em.  of  lijdrochiuric  (iiiurjotic)  acid.  When  the 
mercnry  ia  dissolrcd,  odd  830  eu.  em.  of  hydrochloric  ucid.  WliM 
the  liquid  has  cooled,  immcrfw  the  Imtlery  line  in  it  tot  a  fev 
tninntes,  remove  and  rinse  thoroughly  with  water.  Tlie  liquid  mty 
be  used  over  and  over  until  the  mercury  ia  exhausted.  The  quan- 
tity here  mentinupd  will  suSice  for  200  ordinary  eincB  or  raoK 
Keep  the  liquid,  when  not  in  use,  in  a  glaua-afoppered  bottle. 

389.  Polarization.— It  was  stated  in  g  383  that  tltf 
accnmulatiuii  of  hydrogen  bubbles  at  the  negative  plftt* 
increases  tltc  internal  resistance  of  the  cell.  But  tbi 
hydrcigen  affects  the  current  in  another  way.  It  acta  like 
a  positive  plate  (being  jdmost  as  o:<idizab1e  as  the  xino) 
and  eete  up  an  opposiug  electromotive  force  that  teo^ 
to  set  a  current  in  the  opposite  direction.  *4  cull  or  bat- 
tery in  this  condition  is  said  to  be  polarized.  Some- 
times,  as  a  result  of  polarization,  the  strength  of  the  CQ^ 
rent  falls  oS  very  greatly  within  a  few  minutes  after clofr 

L  I'ng  the  circuit.    (See  |  i\i,) 


IC  ELECTRIVirr. 

Varieties  of  Volhiic  fells.— All  voltaio 
Slong  to  oue  of  two  clussfa  r 
)  Those  using  only  one  Uf/uid. 
)  Th.ose  using  tii'o  liquids. 
I  of  tbe  eai'lier  batteries  were  composed  of  one-liquid 


L — When  dilute  sul  pit  uric  add  is  mentioned  in  connection  vith    j 
A  batteries,  it  may  be  imderBtood  that  one  volume  of  acid  U 
ftretve  volumes  of  water  is  meant. 


H.  Smee's  Cell, — A  Smee's  cell 
(resented  by  Fig.  182.     It  consiBts  of 
itiiiized  silver  pla,t.e  placed  tietween 
siuc  plates  hung  in  dilute  sulphuric 
iThe  hydrogen  bubbles  accn  mil  late 
|)oints  of  the  rough  platinnm  sur- 
td  are  more  quickly  carried  up  to 
e  of  the  liquid  and  thus  gotten 
The  cell  hns  an  available  electro- 
force  of  about  0.47  volt. 


Potassiiiin  Di-c-hromate  Cell. — The  po- 

di-cbromatf!  cell  has  a  zinc  plate  hung  between 

bon  plates.  A  solution  of  potassium  di-ebromate 
late  of  potash)  in  dilute  anlphuric  acid  is  the 
3d.  The  hydrogen  \a  given  an  opportunity  for 
union  as  fast  aa  it  is  liberated.    The  E.  M.  F,  of 

■IB  great  to  start  with  (from  1.8  to  2.3  volte),  bnt 
a'y  qnickly  when  the  external  resistance  is  sn 
\j  recovers  and   may   be   used  with  advantage 

imrerfnl    currents  of    short    duration   are   often 

It  is  the  only  single  liquid  cell  that  is  free  from 

It  is  sometimes  called  the  Grunftt  ctW, 
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{a.)  Tbe  bottle  form  ot  this  cell,  repreeeated  in  Elg.  183,  ts  tl 

it  for  tho  Inboratoty  or  lecture  luble.  By  meaos  of  the 
sliding  rod,  tlie  tanc  plate  m&;  be  r 
of  the  Bolutiim  wUen  not  in  oae.  Thus  ad 
juHted,  tbe  <Mi11  nmj  remaiu  fur  mootliB  wilh- 
out  uuy  BctiuD,  if  desired,  and  be  read;  at  ii 

{b.)  Uqc  of  the  bi.'Bt  propoitionB  for  the  sola- 
lion  Is  as  follows  :  One  gallon  of  iraler,  one 
]>uimd  of  poUmslum  di-chromate  and  from  ft 
half  pint  to  a  pintof  Bnlpburii:  acid,  accordiag 
to  tbe  enei^  of  actiou  desired.  A  small 
qimntity  of  nitric  acid  added  to  tlie  eolud.ia 
I  ncreseos  tbe  cDnstancy  of  the  ljatt«ry  br  oii- 
dizing  tlie  nascent  hydrogen  and  thus  forming 

le)  The  tollowing  recipe  is  good ;  I'oi 

PM,  i-m,  of  sulphurio  acid  Into  500  eu. 

Fig.  183.  water  and  let  the  inlstnre  cool.     Dissolve  lU 

g.  of  potastuiim  di-cliromate  in  330  eii.  eta,  ol 

boiling  water  and  pour,  while  hot,  into  tbe  dilute  acid.     When  tool, 

it  Is  ready  for  use. 

393.  The  Leclauche  Cell.— This  cell,  shoi 

Fig.  ISi,  foutains  a  zinc  plate  or  rod  and  a  porous,  earthen- 
waro  cup  containing  the  carbon  pliitf. 
The  spitce  between  the  carbon  jjlate 
and  the  cup  is  filled  with  fragments 
of  carbon  and  powdered  ptiroxide  of 
manganeBe.      Tliis  cup  replaces  the 
second  metal  plat«.     The  liquid  ii^cd 
is  a  solution  of  ammotiium  chlorlil.' 
(sal-ammoniac)  in  water.     This  fell 
is  tolerably  constant  if  it  bo  not  used 
to  produce  very  strong  currents,  but 
its  great  merit  is  that  j(  is  very  permanent.    It  n 
in  good  condition  for  months  with  Tery  little  atte 
furnishing  a  eiurent  far  a  aliort  time  whenever  j 


I  is  much  used  for  working  telephones,  electric  bells 
^g.  232)  aud  clocks,  railway  signals,  eic  The  man* 
ganese  oxide  prevents  polarization  bj  destroying  tha 
hydrogen  bubbles.  If  the  cell  be  used  continuously  for 
3omo  time,  its  power  weakens  owing  to  the  accitmulation 
of  hydrogen,  but  if  left  to  itself  Jt  gradually  recovera 
as  the  hydrogen  is  oxidized.  Sometimes  the  manga- 
iieBe  oxide  is  apjilied  to  the  face  of  tlio  carbon  and  the 
l>orona  cnp  dispensed  with.  This  cell  has  an  E.  M.  F.  of 
about  1,5  Tolts.     //  should  be  left  on  Open  circuit  when  not 


^F394:.  DaniellN  Cell. — This  cell  conaisU  of  a  copper 
plate  immersed  in  a  saturated  solution  of  copper  sulphate 
(blue  vitriol)  and  a  zinc  plate  immersed  in  dilute  sul- 
phuric acid  or  a  solution  of  zinc  sulphate  (white  vitriol). 
Thetwohquidsareseparated;  usually 
one  liijuid  is  contained  in  a  porous 
cup  placnd  in  the  other  lii]uid.  Ory- 
Btals  of  copper  sulphate  are  placed  in 
the  solutiuu  of  copper  sulphate  tu 
keep  the  latter  saturated.  Such  a 
cell  will  furnish  a  nearly  conatunt 
current,  with  an  E,  M.  F.  of  1.079 
volts  aud  keep   in  order  for  a  long  .-        „ 

time.  //  should  he  kept  on  closed  a'r- 
ciiil  when  not  in  use.  The  hydrogen  passes  through  the 
porone  cell  and  nets  upon  the  solution  of  copper  Rulphate. 
Copper,  instead  of  hydrogen,  is  deposited  upon  the  copper 
plate.  Polarization  is  thus  avoided.  If  an  inci-nstation 
forms  near  the  zinc  plate,  remote  mime  of  the  solution  of 
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(a.)  In  Fig.  166,  the  copper  plate  is  repTeseiited  hb  &  delt  cjUndei 
within  the  porous  eup,  the  cryatala  being  piled  op  aroniid  it.  It  ii 
itcrchatige  the  plates,  tlio  zinc  bfinj;  in  dilute  Bolphiirie 
Rcid  within  the  pomiia  (.'up,  aod  the  copper  plate  in  the  eatunled 
acid  anteide  the  porous  cup.  Sometinea  the  nuter  veesel  ilaelf  it 
made  of  copper  instead  of  glass  ftnd  serves  as  tJie  copper  plal«  u  ia 
■hown  in  Kg.  18S. 


Fig.  187. 


395  The  Gravity  Cell.— This  is  a  modificBtioii 
of  thS  Daniell's  cell,  no  porous  cup  being  nsed.  The  cop- 
per plato  is  placed  at  tlio  bottom  of  the  cell  and  the 
plate  near  tlie  top  Crystals  uf  copjicr  snlphate  are  piled 
Tipon  the  copper  plate  and  covurod  with  a  saturated  soIh- 
tinii  of  copper  anljiliate.  Water  or,  preferably,  a  wetk 
solution  of  zinc  sulphate  rests  upon  tbe  bine  solution  be- 
low and  covers  the  zine  plate.  The  two  aolutiona  are  of 
different  specifio  gravities  and  remain  clearly  separated  if 
the  cell  he  kept  on  closed  circuit  when  not  in  use,  (Fig, 
187.)  This  cell  ia  very  largely  used  iu  working  telegraph 
^  lines.    It  ia  sometimes  called  tbe  Callaud  cell. 

396.  Cfrove's  Cell. — The  outer  vessel  of  a  Orore'i 
'  contains  dilute  Hulphaiic  aoi^    'Va'dtia'vh 
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low  cylinder  of  zinc.  Within  the  zinc  cylinder  is 
td  a  porous  cup  containing  strong  nitric  acid.  The 
negative  p!iite  is  ii  strip  of  plutiniim  placed  in  the  nitric 
acid.  The  hydrogen  passes  through  the  jmrous  cup  and 
reduces  the  nitric  acid  to  nitrogen  iwroside,  which  eecapes 
as  brownish-red  fiimes.  These  nitrogen  fnmes  are  dis- 
agreeahle  and  iujurious;  it  is  well,  therefore,  to  pla<!e  the 
battery  in  a  ventiliitiug  churaber  or  outside  the  eiperimeut- 
ing  room.  The  E,  M.  F.  of  the  Grove  cell,  under  favor- 
able conditions,  is  nearly  two  volta,  while  its  internal  re- 
sistance in  small,  being  ahont  one-fifth  that  of  a  DanielVa 
cell.  It  is  much  used  for  working  induction  coils  (consult 
the  Index),  for  goneratiug  the  electric  light,  dc.  It  is, 
however,  troublesome  to  fit  lip  and  should  have  its  lifjuida 
renewed  every  day  that  it  is  used.  Fig,  189  i 
grove's  battery  with  cells  joined  in  ■ 

397.  BuQsen's  Ceil.— 

cell  (Fig.  188)  dif- 
fers from  Grove's  iu  the  use 
of  carbon  instead  of  expensive 
platinum  for  the  negative 
plate,  thna  reducing  the  cost. 
The  plates  are  made  larger 
than  for  Grove's  battery.  Its 
£.  M.  F.  is  about  the  Bame  as 
that  of  the  Grove  cell  but  its 
intcrniil  resistance  is  greater.  f'*;-  '^a. 

Fig.  190  represcnta  a  battery  of  Bunetu's  cells  joined  in 
multiph  arc. 

^o(e.— There  are  ncocea  of  dlflerent  kinds  o(  cells  in  the  matket 
competing  fnr  tavor.      Thaw  liere  described  Rte  Kowiivg  fti* 


latket  J 


I 

I 

I 


398.  A  Voltaic  Battery.—^  mtmber  of  similar 
voltaic  etemeiits  cortiiected  in,  such  a  manner  that 
the  current  has  the  same  direction  in  all,  constitute 
a  voltaic  battery.  The  usual  method  ia  to  connect  the 
positive  plate  of  one  element  with  tbe  aegstive  plate  of 
the  next,  as  shown  in  Fig.  1S9.  When  tbna  coaneded, 
they  are  eaid  to  be  coupled  "tandem"  or  "in  serin" 
Sometimes  all  of  tbe  positive  plates  are  connected  tif  ■ 
wire  and  all  of  tbe  negative  plates  by  another  wire.  Tha 
cellB  are  then  said  to  be  joined  "parallel,"  "abrewfor 
"in  mnltiple  arc."     (See  Fig.  190.) 

{a.)  When  two  or  inoro  cells  bib  joined  together,  th«i  potato  it 
contact  should  be  ss  lar^  sa  ia  coDveDien  t  Rod  kept  perfectly  clau. 
The  connecting  wire  should  be  of  (cood  size  uid,  for  tbe  nka  rf 
pliability,  a  part  of  it  may  well  be  g-iveti  a  spirtl  form  b^windiiijit 
upon  a  pencil  or  other  suiatl  lod. 

399.  Butteries  of  High  Internal  Besiat- 
ance. — Each  kind  of  galvanic  cell  has  an  internal  resist- 


ance, as  ex])lained  m  (;  iH-t  A  bitti  r^  <if  cills  joined  to 
series  is  called  a  "biltery  of  bif^h  internal  resiitance." 
(Fig.  189).      ThiB  method,  ot  ^omm?,  ftia  ciSa 
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inductor  through  which  the 


the  length  of  the  liqnid   > 
ourront  passes. 

(«.)  In  a  baltery  of  crils  jolnod  in  seriea,  Iho  E.  M.  F.  and  the 
inteniul  resistance  are  those  of  a  single  cell  multiplied  \ij  the  num- 
ber of  cella.  For  a  circuit  of  gteaX  external  resiatauue,  a  bnltery  of 
~i]gb  intemal  resiRtance  is  needed. 

L4:00.  Batteries  of  Low  Internal  Resist- 
noe. — A  battery  of  cells  joinetl  jHtrallel  is  citUed  a 
ijbattery  of  low  internal  resistance."  (Fig.  190.)  This 
IBthod  of  joiuiug  the  eeUa  doea  not  increase  the  length 
[  the  liqaid  conductor  traversed  by  the  current  but  a 
[Divalent  to  increaaing  its  diameter  or  sectional  area. 

'  t».)  In  a  battery  of  ceUs  joined  pftrallel,  the  E.  M.  P.  is  that  of  a 

single  cell,  hut  the  iutemal  resistance  is  tiiat  of  a  single  cell  divided 
by  tlie  number  of  cells.  For  a  circuit  of  small  external  refliatanea 
large  culls,  or  several  cells  joiued  parallel,  are  preferable. 

UiiJ 

H  Fig.  iga 

^H  Q>)  A  battel^  of  high  internal  resislBnco  was  formerly  called  an 
^^Mmutty  battery,  while  a  battery  of  low  internal  resistance  was 
^^Hl«d  a  qUiaiMy  battery. 

^■401.    Requisites    of  a  Good    Battery.— The 

^^Bbowing  conditions  should  be  met  by  a  battery: 

^^B[  L)  Its  electromotive  force  i<liould  ho  higli  and  constant, 

^Hf  2.)  Ite  internal  resistance  should  be  em%ll. 


(3.)  It  should  give  a  conBtant  current  and,  tlierefore, 
must  be  free  from  polarization  ;  it  Bhould  not  be 
liable  to  rapid  exhaustion,  requiriag  freqaent  re- 
newal of  the  acid. 
(4.)  It  should  l>e  perfectly  quiescent  when  the  circuit 

is  open. 
(5.)  It  should  be  cheap  and  of  durable  materials. 
(6.)  It  sliould  he  easily  manageable  and,  if   posaible, 

should  not  emit  corrosive  fumes. 
As  no  single  battery  fulfills  all  these  conditions,  soma 
atteries  are  better  for  one  purjwBe  and  some  for  another. 
?hus,  for  telegraphiug  through  a  long  line  of  wire  a  con- 
iderable  internal  resistance  in  the  battery  is  no  great 
isadvantage;  while,  for  producing  an  electric  light,  much 
aternal  resistance  is  absolutely  fatal. 

403.  The  Best  An-angemeut  of  Cells.— The 

est  method  of  coupling  cells  iu  any  given  caae  depends 
n  the  work  to  be  done  by  the  battery.  Tliti  maximitm 
ffect  is  attained  when  the  resistance  of  the  ex- 
ernaZ  eireu.it  is  made  equal  to  the  internal  resL^ 
m.ce  of  the  iattery. 

(a.)  For  eiample,  suppipe  tliat  in  a  given  battery  of  eight  cells: 

(1.)  Each  cell  has  an  E.  M.  F,  of  two  volte. 

(3.)  Each  cell  buH  rhe  very  high  internal  resintanoe  of  eight  ohma. 

(3.)  The  laatterj  ia  to  work  through  a.  wire  tliat  has  a  remstaace 
of  BJxteen  olims. 

(fi.)  First,  wiiiple  tho  cells  parallel.  The  E.  M.  F.  of  the  battaqr 
I  that  of  a  ninjrle  cell.  3  valta.  The  internal  reaiatance  is  8  ofanu 
-8=1  ohm.  Adding  the  external  resistance,  we  Lave  a,  total 
Mietance  of  IT  ohms.    (See  g  880.) 

""f-rly,  =  ''""«*■ 

riiig  irrnagenieai  givBK  ft  camnl  oHl,VVlft+  amv«"*. 


(f.)  Vext,  maple  the  cells  in  Beriea.  ' 
.  8  tiniiW  3  voltH.  or  16  volts.  The  iiilci 
L  ohms.  Adding  tlie  external 
of  80  ohms. 


^*  *n»1a  nrnti 


Thla  arrangement  g. 

(d.)  Finally,  jnin  the  cells  i. 


times  »       , 
a.  tot^        J 


being  a  eeries 
of  the  battery 


of  four  cells)  and  join  the  rows  porallfl.     The  E.  M, 

will  be  4  times  3  volla  or  8  voh».     The  iuieroal  i 

4  limpB  8  ohms  or  82  olims  for  each  row,  but  only  half  that,  oi 

ohms,  for  the  whole  battery.     Adding  the  exteraal   resistance, 

have  a  ti>tal  rusistonce  of  82  ohiOB. 


'16  + 


=  0,25. 


Is  arrangement,  in  which  the  internal  and  the  exEsrnal  resistances 
B  equal,  eives  a  current  of  0.25  amperes,  tlie  greatest  possible 
'  :i  the  given  conditions. 

(e.)  A  similar  application  of  Ohm'a  law  showa  that  v>Aen  the 
I  TttittanK  i»  largi,  t/wrn  it  UtUe  gain  from  ymting  mS* 
%  and  thai  when,  the  exturiud  redslanee  is  swy  small,  there  i* 
'€  gam  t»  joinittg  eelle  in  terifft. 


Exercises. 

f  1,  Given  ten  cells,  each  with  an  electromotive  force  of  I  vob  and 
f  internal  resiatance  of  5  ulime.  Wliut  is  the  current  (in  amperes) 
B  single  cell,  the  external  resistance  being  0.001  ohm  t 

Avs.  0.19006+  amperes. 
«  joined  abreast.     The  eiler- 
the  current  of  the  battery  1 
Atu.  1.096+  amperes. 

3,  The  ten  cells  above  mentioned  are  joined  tandem,  the  esCernBl 
resistance  remaining  the  same,     Wliat  is  the  current  of  the  battery! 

Ant.  0.10900+  amperee. 

4.  Wlmt  is  the  curreut  given  by  one  of  the  above  mentioned  cells 
when  the  external  circuit  Iiaa  a  reHistance  of  1000  ohms? 

Ann.  0.00090502  amperes, 
fi.  When  the  ten  cells  ore  joined  abreast  with  an  exlprnal  resist 
aoce  of  1000  ohtnn,  what  is  the  current  of  the  battery  t 

Am.  0.000999a  am?6teft. 
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6.  When  the  ten  cells  are  joined  in  series  with  an  external 
anoe  of  1000  ohms,  what  is  the  current  of  the  hatterj  ? 

Ans,  0.00952  amperes. 
Note, — Compare  the  results  in  Exercises  1,  2  and  8»  where  wi 
haye  a  small  external  resistance.    Then  compare  the  results  in  Ex- 
ercises 4,  5  and  6,  where  we  have  a  high  external  resistance. 

7.  Why  are  cells  arranged  tandem  for  use  on  a  long  telegraphic 
line? 

8.  What  is  the  resistance  of  2  miles  of  No.  6  electric  light  wire 
(copper  of  ordinary  commercial  quality)?    (See  Appendix  I.) 

An»,  4.66  ohma 

9.  A  Brush  dynamo,  No.  8,  will  operate  65  arc  lamps  on  a  short 
circuit.  Each  lamp  has  a  resistance  of  about  4.52  ohms.  If  the 
lamps  be  put  on  a  10  ndle  circuit  of  No.  6  copper  wire,  how  many 
lamps  should  be  "  cut  out "  of  the  circuit,  the  dynamo  running  at 
the  same  speed  and  the  current  strength  remaining  the  same  ? 

Ans,  ^  lamps. 

10.  Show,  by  a  diagram,  how  a  battery  of  three  cells  should  he 
arranged  when  the  internal  resistance  is  the  principal  one  to  be 
overcome. 

11.  What  is  the  resistance  of  a  mile  of  ordinary  No.  6  iron  tele 
graph  wire?    (See  Appendix  K,  [2].)  Ans,  13.3  ohms. 

12.  Show  that  the  conductivity  of  water  is  increased  more  than  60 
times  by  adding  half  its  volume  of  sulphuric  add.  (See  Appendix 
K,  [3].) 

13.  How  much  is  the  conductivity  of  water  increased  by  adding 
^  ite  volume  of  sulphuric  acid?  An^.  About  22  times. 
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'403.  Loug  and  Short  Coil  Instruments.— 

long  coil'"  galvanometer,  or  a  "long  coil"  electro- 
magnet, or  an  inatrninent  of  any  kind  in  which  the  con- 
ductor is  a  long,  thin  wire  of  high  resistance,  should  not 
be  employed  on  circmta  the  other  resietaneea  of  which  are 
small.  Conversely,  on  circuits  of  great  length,  or  where 
there  is  a  high  resistance,  "short  coil"  instruments  are  of 
Jittle  service  for,  though  they  add  little  to  the  resistances, 
few  turns  of  wire  are  not  enough  with  the  small 

■ents  that  circulate  in  high-resistance  circuit-s  ;  "long 
coil "  inaferuments  are  here  appropriate,  as  they  multiply 
the  effecte  of  the  currents  by  their  many  turns.  Their 
resistance,  though  perhaps  large,  is  not  a  serious  addition 
to  the  existing  resistances  of  the  circuit. 


404:.  Divided  Circnits  and  Shunts. — The  case 
of  several  wires  forming  a  multiple  arc  often  occurs  in 
practice.     In  such  cases,  the  current  flowing  in  each 

branch  is  inversely  proportional  to  the  resistance 
of  that  branch.  Either  of  two  such  branches  is  called 
a  shunt  Evidently,  the  joint  resistance  of  all  the  branches 
is  less  than  the  resistance  of  any  one  of  them. 


(a.)  A  curreot  flowing  along  a 

through  a  galvanometer  or  ckrt 

rough  the  branch,  B.    The  ei 


r  divides  at  A,  part  goinR 
t  at  C  and  the  rest  gDing 
If  the  conductor, 


AOO,  haa  a  resistance  of  99  ohms  and  the  cunduotoT,  ABO,'\aa  » 


xoti  olm,  1  per  otnt,  oi  ihe  total  current  will  go  titroitgli 
0  and  !»(!  per  cent,  will  go  hy  way  uf  B. 

(b.j  If  we  have  two  wii'es,  the?  spparate  reaiatancea  of  wliieh  *>« 
respectivelr  38  ohms  and  24  olims,  placed  abreast  Id  a  circuit,  Gad 
their  joint  resiHtance.  The  joint  conductivity  will  be  the  sum  althe 
separate  conductivities  and  conductivity  in  the  reciprocal  of  rciiat- 
anee.     Cull  the  joint  ~ 
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The  joint  reaiBtance  will  be  13.93  nlima. 

(e.)  The  joint  TesiBtancc  of  the  two  branchee  of  a  divided  condndot 
is  equal  to  the  product  of  the  separate  resistances  divided  by  tbrir 
earn.  If  there  are  more  than  two  branches,  the  method  employed 
above  may  he  used. 

(d.)  It  ia  often  necessary  to  use  a  sensitive  galvanometer  or  other 
instrument  with  a  current  so  strong  that  the  current  would  give  la- 
dicatinns  too  large  for  accurate  meaaurumeot  or  even  raiu  the  iuEtra- 
ment.  Under  such  circumBtonces,  the  greater  part  of  the  camnt 
ma'y  lie  shunted  around  the  galvanometer.  The  resistance  of  the 
shunt  having  a  koowo  ratio  to  that  of  the  galvimometer  and  iti 
branch,  the  total  current  at renglh  iniiy  hecouiput^d  from  tlie  etreagth 
of  the  carreut  flovring'  tbraugh  tlje  InBtrument.  Shunt  circuite  miy 
be  found  in  almost  all  arc  lampis. 

405.  Meclianical  Eflfects  of  the  Electric 
Cuirent. — The  piercing  of  tlie  glass  walls  of  an  ovur- 
charged'Leyden  jiir  affords  a  good,  though  expensi?e, 
illuatration  of  the  mechanical  effects  of  electricity.  Treec 
and  telegraph  polos  shattered  by  lightning  are  uot  un- 
familiar. Bat,  by  far,  more  important  for  our  coneidem- 
tion  are  the  mechanical  effects  produced  by  voltaic  Of 
dynamic  electricity  and,  especially,  the  numerical-  rel^ 
tion  betwsen  the  electricity  used  and  the  u-ork  done. 
This  subject  will  be  considered  in  Section  VI.  of  thii 
chapter. 

Experiment  73, — Through  a  long,  thin  platinum  wire,  lend  t 
current  that  will  heat  it  to  doll  ledQesB.    Apply  a  piece  of  ice  to  BM 


wire  Bud  notice  that  tlie  rest  i>f  the  wire  glows  more  briglitl;  tlian  it 
ilid  befora.     Then  heat  a  part  of  tbe  wire  witli  the  flmue  of  a  apirit 


s  gloTfB  1pb8  brightiy  than 
s  BtPengthened  by  tbe  ii 
ill  the  secsnd  case,  the  ca 
of  the  part  liented  t 


lamp  and  notice  that  the  rrst  of  the 
before.  la  the  first  case,  the  current 
crca^d  conductivity  of  tht^  cooled  part  : 
rent  is  decreaEed  b;  the  increased 
the  lamp. 


Experiment  74.— When  two  curved  metal  surfaces  rest  upon  each 
other,  a  current  psBsing  from  one  to  the  other  encounters  cooridera- 
ble  resiatoDce  at  IhcBiuali  area  of  contact.  The  heat  conBequmtly 
develapiMl  caneeB  the  parls  in  the  Deightx>rhood  to  expand  very 
quickly  wlien  the  contact  is  made.  This  often  gives  riee  to  rapid 
vibratory  movements  in  the  couductora.  Gore's  ruiiuxij/  consiets  of 
two  concentric  copper  hoops,  whose  edgeB  are  worked  very  truly 
into  n  horizontal  plane,  A  light  copper  hall  is  placed  on  the  rails 
thUH  formed.  One  rail  Is  connected  witli  the  +  pole  of  a  battery 
of  two  or  three  Grove  cells  and  the  orier  rail  with  the  —  pole.  The 
ball  is  then  set  rolling  around  the  track.  If  the  ball  be  true  and  the 
track  well  leveled,  the  energy  supplied  by  the  swelling  (expansion) 
Bt  the  continually  changing  point  of  contact  is  sufBcient  to  keep  up 
the  motion.  The  ball  will  roll  round  and  round,  jciving  a  crackling 
Bound  as  it  goes. 

Experiment  75. — From  the  poles  of  a  potaBsinra  di-chroraate  bat- 
tery, lead  two  stout  copper  wires  and  connect  their  free  ends  by  two 
or  three  inches  iA  very  fine  iron  orptatinum  mre.  Coil  the  iron  wire 
around  a  lend  pencil  and  thrust  a  small  quantity  oF  gun-cotton  into 
the  loop  thus  formed.  Plunge  the  ziuc  plate  of  the  battery  into  the 
liijnid  and  the  iron  wire  will  be  hunted  enough  W  enplode  the  gun- 
cotton  ;  it  may  be  heated  to  redness  or  even  to  fusion. 

406.  Thermal  Effects  of  tlie  Electric  Cur- 

iit. — Whenever  an  electric  current  flows  through  a 
Dnductor,  part  of  the  electric  energy  is  changed 
I  heat  energy.  Tfie  amount  of  eleetneity  thus 
into  heat  will  depend  upon  the  amount 
t  resistance  offered  by  the  conductor.  In  the  last 
teritneat,  the  stoat  copper  wires  were  good  conductors, 
1  bat  little  reajBtance  and  converted  but  litLls  o?  Aa 
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electrical  energy  into  heat  energy.  The  change  of  ma- 
terial from  copper  to  iroti  Increaeed  that  resistauce.  Tbit 
increased  resistance  was  again  increased  by  reducing  the 
size  of  the  conductor.  For  this  double  reason,  thejfM 
wire  offered  so  much  resistance  that  a  considerable  of  Uw 
current  energy  was  transformed  into  heat.  Meststanct 
in  art  electric  circitit  always  produces  heat  at  the 
expense  of  the  elecirio  citrrent.  Thus,  electricity  ia 
□ftoQ  used  in  firing  mines  in  military  operations  and  in 
blasting.  All  known  metals  have  been  melted  in  this  way, 
while  carbon  rods  have  been  heated  byabatteryof  6M 
Bunaeu'a  elements  until  they  aoftenod  enough  for  welding. 
By  means  of  a  Leyden  jar  battery  and  a  uaiversal  dis- 
charger, remarkable  thermal  effecta  may  be  obtained. 
Houses  are  sometimes  set  on  fire  by  lightning.  The  nu- 
merical relations  between  electricity  and  heat  are  ooi> 
sidered  in  Section  VI.  of  this  chapter. 


407.  Lnmiuous  Effects  of  the  Electric 
CiiiTeiit. — The  electric  spark,  the  glow  seen  when  elec- 
tricity escapes  from  a  pointed  conductor  in  the  dark  and 
the  various  forms  of  lightning  are  some  of  the  low 
familiar  luminous  effects  o!  electricity.  WheneTer  sn 
electric  circuit  ia  closed  or  broken,  there  is  a  spark  at  Hia 
point  of  contact,  due  to  the  heating  of  a  part  of  the  con- 
ductor to  incandescence.  We  have  seen  luminoas  effects 
produced  by  winding  the  wiii:  from  one  plate  of  a  voltaij 
cell  round  one  end  of  a  file  and  drawing  the  other  electrode 
along  the  side  of  the  file,  thus  rapidly  closing  and  break- 
ing the  circuit.  If  the  iron  wire  used  in  the  last  esperi- 
k  oient  waa  heated  sufficienflj,  \t  aiw  ^we  a.  luminous  effect 
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he  incan^^^^H 


and  illustrated  the  fundamental  principle  of  the 
oence  electric  lamp  (§  466). 

{fl.)  The  moKt  Importaut  luminonH  effects  of  electricity  will  ba 
considered  In  connection  with  djnamo-electric  mHchinee  (§  465).  It 
will  lie  Doticad  ibut  all  of  these  are  secoadarj  theriuBl  eSecte. 

408.  Galvani'8  Experiment.— In  1786,  Galvani, 

a   phjBiciaii  of  Bolugnu,  noticed   convulsive   kicks  m^ 


frog's  legs  when  acted  upon  by  an  electric  current, 
wafl  killed  and  the  hind  limbs  cut  away  and  skinned,  the 
.cruml  nerves  and  their  attachments  to  the  lumbar  vertebne 
remaining.  Two  dissimilar  metals  were  held  in  contact  and 
leJr  free  ends  brought  into  contact  with  nerve  and  muscle 
Wtively,  as  shown  in  Fig.  193,  Convulsive  muscular 
yitioas  brought  the  lege  into  a  poa\t\OTi  wmSSjw  Vi 


) 


I 


thatrepreseni«d  by  the  dotted  lines  in  the  figure.  A&(^ 
legs  thuH  prepared  make  a  very  Beiiaitive  gitlTHDOBOopfc 
It  is  said  that  they  show  even  the  very  feeble  induotioD 
currents  of  the  telephone,  though  the  best  gaWanometm 
barely  detect  them. 

409.  Physiological  Effects  of  the  Electrio 
Current. — An  electric  current  may  produce  maaealu 
convulsions  in  a  recently  killed  animal.  EzperitDeDta 
with  the  Leyden  jar  and  tJie  induction  coil  show  that 
similar  effects  maybe  produced  upon  the  living  animal. 
The  "electric  shock,"  which  is  phyaologieal  in  its  nalnrei 
is  familiar  to  most  persons.  The  sensation  thus  prodnoed 
cannot  be  described,  forgotten  or  produced  by  any  other 
agency. 

Electricity  i8  largely  used  as  an  agent  for  the  cure  of 
disease ;  experiments  of  this  kind  may  do  injury  and 
would  better  be  left  to  the  educated  physician.  The  dis- 
charge of  a  large  battery  may  be  fatal  and  a  number  of 
persons  have  lost  their  lives  within  the  last  few  years  by 
coming,  accidentally  or  othcrwiw,  into  the  circuit  of  a 
dynamo-electric  machine.  Iut*mip ted  and  alternating  cur- 
rents are  more  serious  in  their  physiological  effects  than 
continuous  currents. 

(a.)  If  the  members  oF  a  class  form  a  cbaln  bf  joining  bands,  tb« 
first  meml)er  Lolding  a  lef^bl; -charged  I.eyden  jar  l)j  its  outep  oott 
and  the  last  member  touehin);  tbi^  kaob,  a  aiaialtaneoua  ahudt  wQl 
bu  tclt  by  ench  perann  in  tlii'  chain.  A  siniilar  eippriraeiit  may  b* 
made  with  a  Hubmkorff  coil.  A  einffle  Lejden  jar  bos  buea  £•■ 
charged  throngb  a  repment  of  1500  men,  each  soldier  receiving  ■ 
Bhock.  Dr.  Priestley  tilled  a  rat  with  a  Imttarj  of  seven  fort  of 
coated  surface,  and  a  cat  with  a  battery  of  forty  fert  gf  tatttt 


pCperiment  76. — Into  n  bent  tube  (kaown  to  dealers  in  chemica] 
aa  B  U  tube),  put  a  snlution  ot  any 
cb!  salt,  e.  g.,  sodium  Bulphal*.  Color  tLe 
c»*ntent8  of  the  tube  with  the  Holiition  from 
purple  eobboKe.  In  the  anus  of  llie  tnl)e,  plnce 
the  platinum  fleetrodps  of  a  battery,  as  aliown  in 
Pig.  193.  CloBe  the  circuit  and  preaently  the 
liquid  at  the  +  electrode  will  be  colored  red  and 
that  at  the  —  electrode,  green.  If,  inslead  of 
coloHug  tha  BolatioD,  a  atrip  oFblne  litmua  paper 
be  hung  near  the  -t-  electrode  it  will  be  rcdileued, 
while  a  strip  of  reddened  litmus  paper  huDg  near  Vvi:,.   ta-%. 

tbe   —  electrode  wi]i   lie   colored    blac!.      Tlteii' 
fhanpea  of  eolor  a/re  chemiefU  tetU;  the  appearance  of  the  green  or 
blue  denotes  the  presence  of  an  alkali  (caustie  soda  in  this  caee), 
while  (he  appearance  of  the  red  deootea  the  presence  of  an  ai.'id. 

Experiment  77.^ — Melt  some  tin  and  pour  the  melted  metnl  slowly 
into  water.  DiBHolveaoroeuftliis  granulated  tin  in  hot  hydrochloric 
acid  and  add  a  little  wat«r,  Into  thia  bath  of  a  dilute  aolutiou  of 
tin  cliloride,  introduce  two  platinum  electrodes  from  a  battery  of  a 
few  eella,  A  remarkable  growth  of  tin  crystalH  will  shoot  out  from 
the  —electrode  and  Bprefld  towards  tlie  +,  bearing  a  atrong  resem- 
blance to  vegetable  growth.  HnDCfl,  it  la  called  the  "  tin  tree." 
Repeat  the  experiment  with  solutiooB  of  lead  opetate  ("engar  ot 

I")  and  of  silver  nitrate. 
lO.  Chemical  Effects  of  the  Electric  Cur- 
rent.— -Thu  electric  spark  miiy  be  miuSe  to  pn>dnce  chem- 
ical cumbitiiitioQ  ur  chemical  decompogitioa,  Atnmoaia 
(NHg),  or  carhoii-dioxide  (COg),  may  be  decomposed  by 
passing  a  series  of  sparks  through  it.  A  mixture  of  oxygen 
and  hydrogen  may  be  caused  to  enter  into  chemical  union 
by  the  electric  epurk,  the  product  of  the  union  being  water. 
(See  Chemigtry,  Exp.  53.)  Many  chemical  compounds 
may  be  decomposed  by  passing  tlie  current  through  them. 
The  compound  must  be  in  the  liquid  condition,  either  by 
eolation  or  by  fusion.  Substances  that  are  tlius  decom- 
jjoaed  M&  mUed  electrolytes ;    the  procti&a  i&  cft'^iA  eloo- 


f  iroLysis;  the  compoimd  is  said  to  be  eleetrolyzed.    The 

BlectroijBis  of  ac-idiiliitud  water  ia  easily  accomplished  with 
I  current  Irom  three  or  four  Grove's  or  Buneen's  colls. 
The  water  is  decomposed  into  ox.ygen  and  hydrogen.  The 
apparatus,  shown  in  Fig,  194,  may  be  called  a  i 
voltameter. 


FtG.  194. 

(n.)  T}if!  apparatus  ctiusiats  of  a.  vesHel  contiiiDuig  water  (to  whhA 
a  little  ai'id  has  heea  added  to  incnmee  its  conductivity)  in  whidi 
■rt.'  immersed  two  platinum  stri^ia  tliat  constitute  the  two  elee- 
trcxloa  of  e  batter;.  Wliun  the  circuit  is  clijsed,  bubbles  of  osjgen 
escape  from  the  jiositivo  electrode  and  bubbles  of  hydiogen  from 
the  nejtativB.  The  giuses  may  be  collected  separately  by  inverting, 
over  tlie  electrodes,  tultw  ailed  with  water,  as  shown  In  the  figure. 
The  volnme  of  hydrogen  thus  collected  will  be  tibout  twice  as  great 
BB  that  of  the  oijgeii. 

(6.)  A  water- vol tumeter  may  he  made  by  cutting  off  the  bottom  of 
a  wide-mouthed  glass  bottle  {GheTnistry,  App.  4,  A.)  nnd  pusing  iwo 
insulated  wlree,  vamiflhod  and  terminating  in  plalinutn  aftrits, 
through  a  cork  that  closes  the  mouth  of  the  inverted  bottle.  Two 
test  lubes  will  complete  the  instrument.  When  d  sufficient  quaailtf 
of  the  gases  has  l>i'en  collected,  they  msy  be  tested  ;  the  hydrogwi, 
I'f  bringing  a  lighted  match  to  V\ie  mmrtU  of  the  tf 
apoa  tbo  hydrogen  will  burn  •,  -Caa  tajjea.\j3  \.'oj'»EC\wt  &. 


nitli  B,  glowing  spark  into  the  teat  tube,  wherenpoD  the  ai^intei*  will 
kiadlH  Into  a  flame. 

{e.t  Eacli  coulomb  of  tlectrieityJilwratta  0.1178  cu.  cm.  of  hydrogen 
and  0.0588  ru,  em.  of  oxygen,  or  a  total  of  0.1784  ftu.  em.  ot  tUe 
mixed  gasee.  Tlie  eleutrolyaia  of  9  g.  of  water  requires  S5,050 
coulombs. 

411.  Ions. — The  products  of  electroljais,  like  the  oxy- 
gen and  liydrogen,  are  called  ions;  the  one  that  goes  to 
the  +  electrode  (or  anode)  is  called  the  anion;  the  one 
that  goea  to  the  —  electrode  (kathode  or  cathode)  is  called 
the  kathion  or  cathion. 

(a.)  The  amuuDt  of  clirmtcal  action  in  a  cell  la  proportional  tn  the 
Htrength  of  corrent  while  it  pKSBea,  One  coulomli  of  eleutricity,  in 
jiasBin^  throog'h  a  cell.  liberates  0.0000105  gram  of  Iijdciigeu  und 
liiBsolvea  0.000341S5  gram  ot  zinc. 

(6.)  One  coulomb  wilt  cause  the  de|MBition  of  0.0003307  gram  of 
ropper.  To  depONt  1  gmm  of  copper  requirea  3024  coulumbe.  Tliis 
principle  has  been  used  in  the  Edison  meter  for  electric  lif;hling 
purposes,  a  certain  proportion  of  the  cttrrent  being  ahutited  through 
a  "copper  voltameter  "  or  bath  of  copper  sulphate  aolotion,  as  de- 
Hcribed  in  the  nest  experimeut. 

Experiment  78. — From  the  +  pole  of  a  voltftic  battery  or  dy. 
uamo-electric  machine,  auspend  a  plate  of  copper  ;  from  the  ~  polc^ 


■uepemd  n  silver  coin.     Place  the  copper  and  silver  electrodes  in  a, 
rtrpng  BolutlOD  of  capper  sulphate  (bine  vitriolV    "W^ien  \iie  ATtTOl. 


I  Ib  closed,  ilie  Bait  of  copper  U  electrolfzed,  the  copper  rrora  llie  silt 
1  being  deposited  upon  tbe  aiiver  coin  and  tlie  sulpljurie  acid  gning  Ui 
I  tile  copper  or  +  electrode.  Tlie  ailver  is  tliua  electro -pi  ate" " 
I  copper.     (Fig.  185.) 


413.  Electro-MetallUPgy.  — The   many 

t  tions  of  this  process  of  depositing  a  metallic  coat  on  a 
I  body  prepared  for  ita  reception,  constibiite  the  important 
art  of  eleetro-metallurgy.  If,  with  the  appuratna  need  in 
the  last  experiment,  a  solution  of  some  silver  salt  be  used 
instead  of  the  copper  eiilphate  solution  and  tlie  direction 
of  the  current  be  reversed,  silver  will  be  deposited  upnu 
the  copper  plate,  which  will  thus  be  silver-plateii.  If  the 
positive  electrode  be  a  plat*  of  gold  and  the  batiiaanlQ- 
tion  of  some  salt  of  gold  (cyanide  of  gold  dissolved  tu  a 
solution  of  cyanide  of  potiissiam),  gold  will  be  depositnl 
upon  the  copper  of  the  negative  t'lectrode,  which  will  be 
thus  electro-gilded.  In  elsctrotyping,  impressions  of  tyj« 
or  engravings  are  taken  in  was,  or  any  other  plastio  B»- 
terial  that  is  impervious  to  water.  A  conducting  enilace 
is  given  to  such  a  mould  by  brushing  finely  pondered 
graphite  over  it ;  it  is  then  placed  iu  a  solution  of  sulphate 
of  copper  facing  a  copper  phite.  The  mould  is  then  con- 
nected with  the  —  poieofadynamooravoltaicbatteryand 
the  copper,  with  the  +  pole ;  when  the  current  pasaei 
through  the  bath,  copper  will  be  deposited  upon  the  moald. 
When  the  copper  film  is  thick  enough  (say  as  thick  m  an 
ordinary  Tisiting  card),  it  is  removed  from  the  moaM  atiil 
itrengthened  by  filling  up  its  back  with  melted  typfr 
metal.  The  copper  film  and  the  type-metal  are  made  to 
adhere  by  means  of  an  amalgum  of  eijual  parts  of  tin  and 
Kj^.     The  copper-faced  p\ate  th^is.  Y^t^uced  is  an  exatf 
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reproduction  of  the  tvfie  itml  cngmviugg 
mould  was  made. 

(a.)  Jn  all  tlieee  cases,  liie  metal  is  usmed  in  the  direction  <i\ 
current   ajid   de|Hisited  upon  the  negative  electrode,     [n   elec 
plating  and  gilding,  tlie  technioilitiea  of  tlie  art  refer  ehietty  ii 
meuns  c>f  making  the  deposit  tinuly  odlicTent,     In  eleotrotyping, 
they  i'efcr  cliiefty  to  tlie  pre[>atalicm  of  tbe  moulJ  o 

413.  Electro- Chemical  Series. — The  fucts  just 
conaidered  suggest    a  division   of   substancea    into  two 
classes,  electro- positive  and  electro-negative.      ITie    ion 
that  goes  to  the  negative  electrode  is  called  elect 
positive;  that   which  gucs  to  the  positive  elect 
is  coiled  electro-negative. 

(a.)  KathioQs  are  called  elect ro-piwifiue  because  tUey  aeem 
attracted  to  Ilie  neyiUtie  pole  of  tbe  battery  (katliode),  tlie  idea  be- 
in^  that  of  attraction  between  opposite  elect ricitii-e.  llydrogen  and 
tlie  metals  are  katliions  or  electro-pogilive.  They  seem  to  move  with 
tbe  current,  going  aa  lar  as  poseiWe  and  being  deposited  where  the 
current  leaves  the  "  batb  "  or  electrolytic  cell.  Similarly,  anions 
are  said  to  be  electro-negative. 

414.  The  E.  M.  F.  of  Polarization.— The  prod- 
ucts of  eleofcrolysis  have  a  tendency  to  reunite  by  virtue 
of  their  chemical  affinity.  (Ghemistry,  %  8.)  Ii"or  exam- 
ple, the  electrolysis  of  nine  sulphate  gives  zinc  and  siil- 
pburio  acid.  But  we  now  well  know  that  the  chemical 
acdoD  of  these  two  substances  has  an  electro-motive  force 
of  its  own.  This  E.  M.  P.  of  the  iona  acts  in  opposition 
lo  that  of  tho  electrolyzing  current.  In  some  cases,  it 
rises  higher  than  the  B.  M.  F.  of  the  original  current  and 
reverses  the  direction  of  ilie  cttrretd.  The  oxygen  and 
hydrogen,  yielded  by  the  electrolysis  of  water,  tend  to  r 
nnite  and  net  up  an  opposing  E.  M.  F.  of  ahoat  1.45  -s 
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rTThus  we  see  that  it  requires  a  battery  or  cell  with  an  % 
I  M.  F.  of  more  tban  1.45  volts  to  decompose  water.  Th)4 
\  eleetro-motive  force  of  the  ions  is  called  the  E.  M. 
I  F.  of  Polarization.  It  may  be  obsor?ed  by  patUng  b 
L  galvanometer  in  the  place  of  the  battery  of  the  wate^ 
'  voltameter  (Fig.  194).  The  polarization  in  a  voltaie  cell 
acts  in  the  same  way. 

(a.)  There  is  no  opposiag  E.  M.  F,  of  polarizatioii  when  Ibe  kHthimi 
and  the  anode  are  of  the  same  melal.  For  example,  the  feeblMl 
current  will  deposit  copper  Iroui  a  solution  of  copper  BlUphate,  lefeft 
the  a'lode  m  n,  copper  plate. 

Experiment  79.— Suspend  two  strips  of  bright  sheet  lead  being 
each  other  in  dilute  Hulphnrio  Bdd,  Pubs  a  current  through  lli«e 
plates  by  connecting  them  with  a  battery  of  4  or  5  cells  In  BPries.  A 
dark  puroside  of  lead  will  form  on  one  of  the  bright  plates.  Tlii'ii 
remove  the  battery  and,  in  its  pliicii,  put  a  abort  coil  galvanomnttrr  or 
fllectro- magnet.  It  will  be  fopnd  that  the  lead-plate  sell  ia  aopply 
ing  a  current,  the  direction  of  which  ia  the  reverse  of  the  durging 
battery  proTiouglj  used. 

415.  Secondary  Batteriei!!. — When  a  voltameter 
or  an  electro-plating  bath  i.s  snppljiiig  a  current  of  eleo- 
tricity,  as  mentioned  in  the  last  paragraph,  it  coDHtitutes 
a  secondary  battery.  As  the  ions  do  not  reunite  when  the 
eircait  ia  opi-'n,  the  energy  of  the  decompoBlug  cnrrent 
may  be  stored  up  as  energy  of  chemical  affinity.  IPAen 
a  current  is  again  wanted,  the-  circuit  may  be 
closed  and  the  energy  of  chemical  affinity  at  onu 
uppenrs   as   energy  of  electric   citrrent.     St 

'  batteries    are,    consequently,    often    called 

I  iatteries. 

fa.)  The  Faare  battery  consists  of  two  plates  of  sheet  le 
I  wltb  red  lead  (lead  sesqui-oxide,  Pb.O^V     These  plates 


mled  by  a  layer  of  paper  or  cloth,  rolled  ap  in  a  loose  coil  like  a,  roll 
of  carpet  and  immersed  in  dilute  sulphuric  acid, 

(6.)  When  a  current  from  a  dynaroo-electric  machine  or  a  voltaio 
batter?  is  sent  through  each  a  cell,  chemical  action  ia  produced. 
Osygen  acts  on  the  couting  of  tlie  nnudL-  pinto  and  converts  it  into  a 
higher  oxide  of  lead  iihe  peroxide,  PbO,).  Hydrogen  acts  upon 
the  coating  of  the  kathode  plate  and  reduces  It  to  metallic  lead  ia  a 
spongy  ccudilioii.  When  these  changes  have  i^ne  as  fur  bb  poeai- 
ble,  the  battery  is  Bdid  to  be  '-charged."  'ITie  charged  plalea  will 
remain  in  thia  condition  for  days  if  the  Hreutt  &c  l-'ft  open. 

(r.)  By  cloaing  the  circuit,  the  plates  will,  at  any  time,  fumish  a 
current  until  they  are  changed  la  their  original  chemical  condition. 
As  the  lead  plates  and  the  acid  are  not  rapidly  destroyed,  the  batter;^ 
may  be  charged  and  disciiarged  many  timea. 


Fig.   196. 


(d.)  Many  Berioua  defects  In  ihe  Faurc  battery  have  been  obviated 
in  the  Brush  battery  (Fig.  186).  These  batteries  are  compoeed  of  a 
number  of  coIIb  containing  cast  lead  plalea  of  a  peculiar  construction, 
tJectro-chemically  prepared  and  immersed  in  dilute  sulphuric  acid. 
These  cells  may  be  connected  together,  tandem  or  ubroast,  so  as  to 
produce?  any  demred  result.  A  large  number  of  theae  batteries  may 
be  placed  in  onecircuitandchargcdbytliecnrrent  of  one  dynamo.  It 
tffll  thus  be  seen  that  the  dynamo  nay  be  made  to  do  double  duty, 
charging  batt«rieB  by  day  for  use  in  conneotioti  \sWb.  vVemcaafts*- 
[•ilwniifT  Jampa  and  supplyLog  arc  laiaps  direct,  at  nigbV.    I^e  ^.^.'% . 


^so 
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of  eftch  Bmsh  cell  1b  about  two  volta..  For  electric  ligbting,  thej 
are  gencmlly  preiiared  in  batteriea  of  tweoly  or  more  cella  An 
r  switch  IB  providod  with  eacli 
ui  retain  the  batMry  in  <JnMiil 
until  it  ie  charged  and 
then  to  diBCDDnect  it  &am 
the  circuit.  When  (he 
charge  lias  beea  eibsoeted 
lo  a  certain  point,  it  brings 
the  batteif  into  the  cir- 
cuit again  and  hoMait  Ull 
1:  hits  been  recbarged  and 
then  culB  it  out  as  beToiv. 
Tlif  same  operation  is  w- 
jiPUited  with  every  batlerj 
in  circuit.  TheoperatinD 
is  automatic.  Eadi  bai- 
ter; has  a,  clock  attached, 
which  registers  the  time 
rbuf.  the  charging  curreul 
has  been  paasing  through 
the  cells.  The  Incandfa- 
cence  lamps  are  connected  with  the  luLtteries  thraugli  the  "  manipu- 
lator," as  shown  in  Fig.  197.  The  cjuantity  o(  electridty  capible 
of  being  "stored"  may  be  Increased  by  increasing  the  numUr^^^ 
^  cells  and  the  size  of  the  plates. 


416.  Magnetic  Effects  of  the  Electric  < 
Irent. — Any  conductor  is  rendered  magnetic  byp 

int  of  electricity  through  it.  A  common  needle 
Y  be  magnetized  by  winding  about  it  an  insulated  oop- 
vire  and  discharging  a  Leyden  jar  through  the  wire. 
Ife  have  already  seen  that  a  bar  of  goft  iron  may  be  tem- 
fcrarily  magnetized  by  tbe  influence  of  the  voltaic  current. 
\  may  be  (nrthep  shown  by  the  action  of  the  bar  and 


Mia.)  Thlaappamtus  coneisteofaniiivahte  bur  of  soft  iron  Bunonndcd 
a  coil  of  ins  dated  copper  wire  (Fig.  IBS).  When  th«  wire  of  ibe 
lisplaeedia  the  cloeed  dtcttit.Q{«>\WLUxi,^:kM.\iqBt.\n 


etrougly  magnetized;  when  tbe  ciTcnit  is  brokeu,  i 

Toaea  its  magnetic  power.      The  bar  may  be  & 

etnUght  piec«  of  stout  iroo  wire ;  the  heliy  may 

l>e  lliiule  by  windiug  iusulated  co^il^r  wire  Li|H)n 

a  piece  of  glass  tubing  lurge  enough  tu  adiuil 

tlie  wire  and  not  quite  as  long  as  the  iron, 

(I>.)  A.  good  helix,  convenient  for  many  pur- 
poses, may  be  made  afnia  an  ordinary  wooden 

»pi«>l.    With  a  Bliarp  knife,  makii  the  shauk  of  Fig.   198. 

the  spool  as  thin  as  possible  and  then  wind  the 

gpoiil  full  of  itiHiilated  cepjier  wire  about  as  !arg;e  as  ordinary  broom 

«r  Htove-plpe  wire.      The  iron  bar  must  be  small  enough  to  pass 

faaily  through  the  hole  in  llie  spool  and  long  enough  to  project  a 

little  ways  beyond  each  end. 

{(.)  Either  of  these  helices  may  be  placed  in  the  circuit  of  a  cell 

and  held  in  a  vertical  position,  when  it  will  act  as  a  "aucking" 

magnet.     The  movable  iron  core  will  be  held  in  tuid-air  "  without 

my  vieiblemeanH  of  support." 

n  (d.)  Tjie  "  helis  and  ring  armature  "  is  shown  in  Fig.  199.  The 
armature  is  of  soft  Iron  divided  into  two  sepiioircles 
with  brass  handles.  Wlien  the  helix  is  placed  in  a 
closed  circuit,  llie  eeinicircles  resist  a  considerable 
force  tending  lo  draw  them  ai«.rt ;  when  the  circuit 
is  broken,  they  fall  aaunder  of  their  own  weight. 
The  iron  ring  may  be  made  without  handles  by  any 
blacksmith.  Stout  cords  will  answer  for  handles. 
The  hells  may  be  made  by  winding  insulated  wire 
upon  a  pasteboard  cylinder  an  inch  or  an  inch  and  a 
half  long  There  should  he  four  or  five  layers  of 
Htont,  copper  wire  which  may  be  tied  together  with 

strings  passing  through  the  hole  in  the  helix. 

(e.)  Such  temporary  magnets  as  these  are  called  electro-magnets. 

The  subject  of  electro-magnets  will  be  further  considered  in  g§  443- 


in.  Deflection  of  the  Maguetic  Needle.— 

We  have  already  seen  that  the  voltaic  current  has  a 
marked  effect  in  taming  the  magnetic  needle  from  its  north 
and  south  position,  tending  to  place  the  needle  at  right 
angles  to  the  direction  of  the  current,  Tliia  may  be  easily 
bIi&wh  liy  Oersted's  apparatus  represented  in  "F\g.^51ft.  "Vt 
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the  Bune  of  so  alcobol  lamp.  The  dejiecrttm  of  the  gainanometcr 
ntedU  toifl  jAojo  that  an  electric  earrent  i»  tra/oerHng  the  drcuU. 
Cool  the  junction  with  a  piece  of  ice.  The  galTanomeler  will  ehoiv 
that  B  second  curreot  m  flowing  In  the  opporite  dlrectjou. 

419.  Thernio-Electrieity.  —  //  a  eireuit  he, 
made  of  two  metals  and  arte  nf  the  Junctions  be 
heated  or  chilled,  a  current  of  electricity  is  pro 
diiced. 

(a.)  This  may  l>e  further  illustrated  by  the  apparatuB  ahown 
inPijf.  202.  Tba 
upper  bar,  m  i^ 
having  itE  end! 
bent,  is  tuado  o( 
copper ;  the  low 
or,  0  p,  IB  of  bie- 
math.  ThU  reel- 
angular  franie  ie 
to  be  placed  intlu 
magnetic  merit! 
ian  and  a  mis- 
placed wilhio  it. 
Fig.  303.  Upon  hea ting  oae 

of  the  juDctloBs, 
a  current  will  be  produced,  the  exlBlpnce  of  which  is  satiBfactorilj 
shown  by  the  deflection  of  the  neiidie  ns  indicated  in  the  figure.  Thp 
junction  may  be  chilled  with  a  piece  of  ice  or  by  placing  opoo  il 
some  cotton  wool  molatened  with  ether.  In  this'  case,  a.  cnrrpoi, 
opposite  in  direction  to  the  first,  will  be  produced  ;  the  needle  will 
be  turned  the  other  way.  The  frame  may  be  eimplified  by  bend- 
ing a  atrip  of  copper  twice  at  right  angle9  to  make  the  Utji.  bottcn 
and  one  end  of  the  frame,  tlie  other  end  lieing  a  cylinder  of  his- 
muth.  Bat  the  form  shown  in  Fig.  202  is  preferable,  ae  the  satne 
junction  may  tie  heated  by  the  lamp  below  or  cliilleii  by  laying* 
piece  of  ice  on  the  upper  Bide. 

430.    A    Thermo-electric  Pair.— If   a   bar  ot 

antimony,  J,  be  soldered  to  a  biir  of  biamnth,  B,  and  the 
fi^e  ends  joined  by  a  wire,  we  eNvi.aiw'fiq  \iaii^j%i 
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livalent  to  tbe  one  considered  in  the  la^t  paragraph. 
1  the  janotioD,  C,  is  heated,  a  current  will  jiass,  from 
bismnth  to  antimony  across  the  junction  and  from  anti- 
mony to  bismuth  through  the  wire,  as  shown  in  Fig.  203, 

(a.)   Tbe   amiigemeiit   is  analogous  to   a   vollaic   clcinoiit,   tbe 
Bntimony  repreeeDlliiB;  tlio  —   plate  and 

carrying  the  +  electrode,  tlie  bismuth  rup  A         ±/^ 

resenting  the  +  plate  aiid  carrying  Ihp  —  C^^^^^^^^T  3 
electrode,  while  the  solder  takes  the  placo  ^^^^^^^^^^^ 
oftbeliqaid.  The  B.  M.F.  of  anantlmony-  y\g.  203. 

bismuth  pair  for  1°  C.  difference  of  l«niper- 

ature  is  about  IIT  lulcrovoltB.  Juat  osb  nnmlierof  voltuc  elements 
may  be  connected,  so  may  a  nnmber  of  tlienuo-electilc  pairs  be 
connected  to  form  a  thermo-electric  aeries. 


wt. 


431.     The     Thermo-electiric    Pile.  —  Several 

thermo-electric  ])airs,  generally  five,  six,  or  seven,  are 
arranged  in  a  vertical  series,  as  shown  in  Fig,  20i,  the 
iutervfining  spaces  being  much  reduced,  the  Buccessive 
bars  separated  by  strips  of  varnished  paper  only  and  the 
connection  omitted.  A  similar  series  may  be  united 
'this  by  soldering  the  free  end  of  the  antimony  bar  of 
one  series  to  the  free  end  of  the  bis- 
muth bar  of  the  other,  the  two  series 
being  separated  by  a  strip  of  varn- 
ished paper.  Any  desirable  number 
of  such  series  may  be  thus  united, 
compactly  insulated  and  set  In  a 
metiil  fj-ame  so  that  only  the  sold- 
ered ends  ai'e  open  to  view.  The  free  end  of  the  antimony 
bar,  representing  the  +  electrode,  and  the  free  end  of 
tlie  bismuth  bar,  representing  the  —  electrode,  are  con- 
nected with  binding  screws,  whieh  may  be  connected  with 
n  BBositire  sbort-coil  galranometer.    Ite  \iia'rntfi-AejAEVi 
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pile,  with  the  addition  of  conical  reflectors,  ia  shown 
in  Fig.  305.  A  change  of  temperature  at  either  exposal 
Sace  of  the  pile  produces  a,  feeble  current  of  clectiicitj 

which  is  manifested  by  the  movement  of  the  needle  of  th« 
galvunometer.  The  infitrtunent 
ia  much  used  in  Bcientific  wwk 
I'or  detecting  differences  in  tern- 
jierature,  being  much  men; 
aunsitive  than  the  mercury  ther- 
mometer. 

423.  The  Peltier  Ef- 
iect< — When  an  electric  cor- 
rent  pagses  over  a  jonction 
from  antimony  to  bismuth, 
there  is  an  evolntion  of  heat » 
the  junction,  the  temperatare 
of  which  rises.  When  the  current  passes  in  the  op- 
posite direction  (from  bisniutb  to  antimony),  there  it  an 
absorption  of  heat  and  the  temperature  of  the  jnnotion 
falls.  In  other  words,  if  the  current  be  aent  through  the 
circuit  in  the  direction  in  which  the  thermo-olectromotive 
force  would  naturally  send  it,  the  heat«d  junctions  will  be 
cooled  and  the  cooled  junctions  will  be  heated. 


Ex 

1,  {a.)   Dtavr  a  figure  nf  a   eiinple   voltaic  element.      (&J  | 
what  ie  ineant   by  tlm  electric  cmrent.     (c.)   luiiicato,   upon   ttie    I 
figure,  tLe  direction  of  the  ciinvnt.     (tf,|  WLat  are  tbi'e1ectn>dt«T    , 
(«.)  Indicate  tlieni  by  their  proper  signs  upon  tlie  Sgnre. 

2,  {fl.l  D©scril)e  or  figure  a  high  resiatmicn  hatterj  or  Qfova'a 
menu,     (h.)  A  low  resiatance  battery  of  Bunsen'B 
What  ia  pbe  peculiar  adTutaga  oE  tibe  7iaii:i^'):a\« 
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8.  Describe  an  experiment  illuHtratmg  tlie  heatiDg  eHecti  of  cur- 
rent Bleetricity. 

4.  {a.)  How  may  a  very  feeble  carreot  be  detected  I  (&.)  Describe 
the  Bppara.tae  used,  (c.)  Mention  the  featares  contributing  tn  its 
delicacy. 

5.  {a.)  If  tlie  resistance  of  oae  mile  of  a  certain  eJeciriu  light  wire 
is  3.58  ohms,  wliat  ia  ihe  resistance  of  4.4  miles  of  tlie  same  wire? 
%)  The  resiatance  of  a  certain  wire  ia  5  ohniH  t«r  100  yd.  What 
length  of  the  same  wire  will  Lave  a  resifitBDce  of  13.3  ohms? 

Alia.  (i7,)  15.75  ohms,    (6.)  264  yd. 

6.  What  1b  the  rosiatance  of  a,  mile  of  copper  wire  that  has  s 
diameter  of  85  mils  if  the  reaiatance  of  a  mile  of  copper  wire  80  mils 
iDdiaiuet«r  is  8.39  oiiros!  Aii».  ISSOahma. 

7.  If  the  resiatancp  of  TOO  yd.  of  a  certain  wire  is  0,111  ohm,  what 
lBtliereEi8taDceofl^20;d.7  Ann.  1.7aohm. 

8.  (a.)  Define  electrolyle,  {b.)  What  lena  is  applied  to  chemical 
decomposition  when  effected  by  means  of  an  electric  current?  (r.) 
How  would  you  go  aboat  the  task  of  determining  for  jourself  the 
electm-chemical  nature  of  a  aubstancel 

8.  The  resiBtance  of  a  certain  wire  is  4.Bo  ohms.  The  regiatance 
of  a  mile  of  the  same  wire  ia  1.3  ohms.  What  is  the  length  of  the 
first  wire?  Aiu.  8.5  mi. 

10.  The  resistance  of  a  mile  of  copper  wire  TO  mils  in  diameter  is 
10.82  obma.  What  is  the  diameter  of  a  copper  wire  a  mile  long  and 
iiftving  a  resJBtancJa  of  33  ohms  t  An*.  0.048  incti  or  48  mila 

11.  What  should  be  tlie  length  of  a  silver  wire  ao  that  it  may 
have  the  same  resistance  us  10  inchea  of  copper  wire  of  the  r^ame 
thickneas,  tile  conduciivity  of  silver  being  1.0487  times  that  of 
copper? 

12.  Find  the  resistance,  at  the  freezing  lenipcrninre.  ol  20  m.  of 
German ailverwire  weighing 53.5  grami<,liaving given  that  tliereeiBt- 
ance.  at  the  same  temperature,  of  a  wire  of  the  same  material  1  m. 
long  and  weighing  1  g.  is  1.85  olims.  Am.  14 1  ohm. 

13.  When  a  piece  of  fine  platinum  wire  and  a  galvanometer  are 
put  in  the  circuit  of  a  galvanic  cell,  the  needle  is  deflected.  Remove 
the  platinum  wire  and  close  the  circuit  with  stout  copper  wire ; 
the  needle  Is  deflected  more  than  Itefore.     Explain. 

14.  Find  the  rr»ist»uc«  of  500  yd.  of  cojpper  wire  165  mils  in 
diameter,  the  resiatoui'i'  of  oni;  milo  of  copper  wire  330  mila  in 
diameter  being  one  ohm.  Am.  O.SS  ohm. 

13.  If  1,000  ft.  of  wire  85  mils  in  diameter  have  u  remataace  of 
\M  ohm,  what  is  the  diameter  of  a  wire  of  thi;  same  material  thai 
Hi*redBtMiGeofia08  ohms  per  1,000  ft.t  Aim.  ^^-o^^M. 
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IS,  Under  vrhat  circumMances  is  it  desirable  to  arrange  celli 
ns  Ehown  in  Fig.  20fl  ! 

17.  A  .copper  wire  6  m.  long  has  a  diameter  of  0.74  mm.     Wh«l 
is  )be  kngch  of  a,  copper  wire  of  1  mm.  diaiiieter  that  has  the  m, 
electrical  resiEtance!  Ane.  10.957  w 

/"^  18.  Given  8  cells,  each  with  an  B.  M.  F.  of  a  toIis 

/\^.^\        nod  an  intemal  reeiBtsnce  of  8  ohms.     The  reeigttnu 
'        of  the  external  circuit  is  to  be  IS  ohms.     Hnw  ahlll 
tbe  cells  be  arranged  to  give  maiiniiun  cnrrent  and 
what  will  that  current  be  1  Ana.  0,25  ampere 

18.  What  is  the  length  of  an  iron  wire  liaving  « 
BFtctional  area  of  4  #7.  mm.  and  the  same  resieianre  u 
^         11  copper  wire  1 ,000  yd.  long,  the  latter  having  n  set- 
j'  tional  area   of   1  iq,  mm.,  the   conductivity   of  inn 

^1  being  J  that  of  copper?  An*.  571)  yd. 

I  20.  Two  incandescence  lamps  of  SI  and  37  dims 

/        respectively  are  placed  abreast  inacircait,     Ftsdtlw 
^         joint  resistance  of  the  two  lamps,    ^tm.   16.87  (duns. 
I   I  31.  How  thick  must  an  iron  wire  be  so  that  it  ind 

*-|z  a.  copper  wire  that  has  the  same  length  and  ■  duune- 

I  I  ter  of  3.9  mm.  shall  have  the  same  resisionoe,  the  ta 

ot  iron  being  7  times  that  of  copperT 

Am.  6.A1  warn. 
22.  How  many  coulombe  will  be  fafuished  b;  the  consuinp(Icn(i( 
20  ff.  of  Bine  I 

S3.  What  weight  of  zinc  most  be  consamed  in  each  cell  of  a 
voltaic  battery  of  3  Daniell's  cel!a  to  enable  the  electrolysis  of  Bj. 
of  water*    (Neglect  loss  by  local  action.)  Ant.  Abont  33.S;. 

34.  What  weight  of  copper  will  be  deposited  in  each  cell  of  tbe 
battery  mentioned  in  the  last  problem  1  Am.  About  81.5  f. 

M.  Three  wires,  the  respective  resifrtances  of  which  are  5,  J  and 
B  ohms  are  joined  in  multiple  arc.  Find  the  resultant  renstMiae  of 
this  componnd  conductor.  .Ant.  2.2  ofami 

20.  What  is  the  necessary  E.  M.  F.  of  a  dynamo  that  Is  to  Ainddi   < 
a  10  ampere  current  for  60  arc  lamps  (in  series),  each  nf  which  In 
lesistancB  of  4.5  ohms,  the  rewetance  ot  (he  line  wire  being  10 ol 
and  tbe  intemal  resistance  of  the  dynamo  being  22  ohmel 

27.  A  piece  of  zinc,  at  the  lower  end  of  which  a  piece  of  coppet 
wire  is  fised,  is  suspended  in  a  glass  jar  contalninir  a  solution  of 
acetate  of  lead  (sngar  of  lead).     AAer  a  few  hours,  a  liepodt  of  ti 
in  tree-like  form  grows  downward  from  tbe  copper  wire.     Bxplaln 
this. 
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atura    Will  a  giYon  Iwttory  give  a  stronger  current  at  0°  C.  or  at 

29.  What  should  be  the  length  of  a  lead  wire  so  that  it  may  have 
the  same  lesistanoe  as  10  inches  of  copper  wire  of  the  same  thicknegs, 
the  conductivity  of  lead  being  0.0923  times  that  of  copper  ? 

80.  Four  wires  are  joined  together  in  multiple  arc,  their  resist- 
ances being  6.6, 18, 8.7  and  2.9  ohms  respectively.  Find  the  result- 
ant reaiatanee  of  the  compound  conductor  thus  formed. 

Ans.  1.17  ohm. 

HOKORABY   PBOBLEM. 

81.  find  the  number  of  incandescence  lamps  that  may  be  worked 
in  multiple  arc  by  a  dynamo-electric  machine  that  has  an  internal 
resistance  of  0.032  ohm.  The  K  M.  F.  of  the  dynamo  is  55  volts 
and  the  resistance  of  each  lamp  is  28  ohms.  The  current  must  be 
1.6  amperes  in  each  lamp.  Ans,  199  lamps. 
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Recapitulation.— To  be  amplified  by  the  pupU  for 


review. 
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{Smee^s. 
Leclanche. 
{Daniell's. 
Bunsen's. 


Tandem. 

yoined, -l  Abreast. 

(  Best  Method. 
Source  op  Energy. 
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Battery. 


Internal  Resistanct. 
Internal  Resistance. 


(  High  Intef 

.  . .  s  Low  Inten 

{  Requisites. 

lCuRRENr...ig^^^»  (Unit. 

I  strength ^  Q^^y 


S  I.AW, 


Simple. 
CIRCUIT ■{  Divided. 

Shunt. 

Plate 

SIGN-  OF ■{  Pole.* 

Electrode. 


{ 


\ 


A  node. 
Kathode. 


POTENTIAL;      Fall  of  E.  M.  F.  •{ 


Unit. 
Measurement. 


RESISTANCE 


External. 

Internal.  • 

Laws. 

Unit. 

Measurement. 

Long  and  Short-Coil  Instruments. 


QUANTITY; Unit. 

Cause. 
Remedy. 


LOCAL  ACTION 


■\ 


Cause. 
Remedy. 


POLARIZATION. 

r  MECHANICAL. 
THERMAL ; Relation  to  Resistance. 

Electrolysis.  ■[  ^«'^«- 

Electro-Metallurgy. 
Electro-Chemical  Series. 
E.  M.  F.  of  Polariza- 


LUMINOUS. 
(l5       PHYSIOLOGICAL. 

O  -j  CHEMICAL 

UJ 
U. 
U. 
UJ 


Kathion.  \  ^°°^- 


TION. 

.  Secondary  Batteries. 


\ 


Faure^s. 
Brushes. 
Uses. 
Advantages. 


ElECTRO-M  AGN  ETS, 

.  MAGNETIC \  Electric  Telegraph. 

Galvanometer. 


THERMO-ELECTRICITY. 


{For  Induced  Currents^  see  Section  V.  of  tKis  Chal>ter:\ 
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■^Section  iv. 

MAGNETISM. 

433.  Natui'al  Magnets.— One  of  the  moat  valua- 
ble iroD  ores  is  called  magnetite  (Feg  O,).  OtL'asional 
Bpecimens  of  maguetite  will  attract  filings  and  other  pieces 
of  iron.     Such  a  specimen   is    called  a  lodestorte. 

natural  magnet. 

434.  Artificial  Magnets. — Artificial  magnets  are 
either  temporary  or  permanent.  A  temporary  magnet 
is  asually  made  o£  soft  iron  and  is  called  an  electro- 
magnet. A  permanent  magnet  is  usually  made  of  steel. 
Artificial  magnets  have  all  the 
properties  of  natural  magnets 
and  are  more  powerful  and  t 
renient.  They  are,  therefore,  Fic,  m?, 
]>referable  for  general  use.     The 

most  eonimon  forma  are  the  straight  or  bar  magnet  and 
the  horseshoe  magnet.  The  first  of  these  is  a  straight  har 
of  iron  or  steel;  the  second  is  shaped  like  a  letter  U,  the 
ends  being  thus  brought  near  together,  &s  shown  in  Fig. 
207.  A  piece  of  iron  placed  across  the  two  poles  of  a 
ihoe  magnet  is  called  an  armature.  We  have  already 
how  to  make  artificial  magnets, 

5.  Retentivity. — Tt  is  more  difficult  to  get  the 
icnetism  into  sfeeJ  ih&a  into  iron,    it  is  a\ao  mo'tii  5^SSi.- 


MA  Gf/ETIS». 


cnlt  to  get  it  out.     IJiis  power  of  resisting  magneti- 
ztition.  or  demagnetization,  is  called  coercive  force 

or  retentivity.    The  harder  the  steel,  the  greater  its  re- 
tentivitj.    Soft  wrought  iron  hae  but  little  retentivity. 


436.   Dii^tribntion   of  MagnetiBm.- 

magnet  be  rolled  in  iron  fllings  anil  thon  withr 


-If  a  bai 

rawn,  thfl 


filings  cling  to  the  ends  of  the  bar  but  not  to  the  middle. 
This  form  of  attraction  is  not  evenly  distributed  through- 
out the  bar.  It  is  greatest  at  or  near  the  ends. 
These  jmints  of  greatest  attraction  are  called  the 
pules  of  the  magnet.  It  is  impoasible,  by  any  kaowo 
aenns,  to  develop  oae  magnetic  ^\fe  V\'OttwA  wmaltane- 
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ously  developing  another  pole  of  opposite  sign.  The  mid- 
die  of  the  magnet  does  not  attract  iron  and  is  called  the 
equaior  or  neutral  point. 

Experiment  SI. — ^Bnng  either  end  of  a  bar  magnet  near  the  end 
of  a  floating  piece  of  iron,  AB ;  the  iron  ie 
attracted.  Bring  the  same  end  of  the 
magnet  near  the  middle  of  the  iron  ;  the 
Iron  is  attracUHl.  Bring  the  same  end  of 
the  magnet  near  the  ottier  end  of  the  iron  ; 
the  iron  is  attracted.  Repeat  the  experi- 
ments with  the  other  end  of  the  magnet : 
D  each  caae,  the  iron  is  attracted. 


437.   Attractiuii   between    a  Magnet    and 
•on. — Either   pole   of  a   magnet  will  attract  or- 
dinary iron. 

Experiment  82.— Fredy  siisiwDd  three  bar  magnets,  A.  B  and  0, 
at  some  distance  from  each  other.  This  maj  bo  dune  bj  placing  each 
mHgnel  in  a  sEout  paper  stirrup  supported  by  a  cord  or  horse-hair  or 
upona  l>OBrdarcorkfloBtingon  water.  (See  Fig.  209.)  Whentkfy hane 
arme  to  rail,  each  Kill  He  in  a  north  and  mulA  line.  Magnets  for  this 
e^iperiment  may  be  made  by  magnetizing  {%  448)  three  stout  knitting, 
needles.  If  there  is  any  electric  light  apparatna  in  joor  neighbor- 
hood in  churge  of  a,  good-natured  nmn,  he  will  probably  magnetLie 
the  needles  for  yon.  Each  needle  may  be  suspended  by  means  of  a 
triangalar  piece  of  stiff  writing-paper.  Pass  the  needle  through  the 
paper  near  the  tower  comers  ;  at  the  other  corner,  affix,  by  wax,  the 
end  of  a  lioiBe-halr,  The  poles  may  be  indicated  by  little  bits  of  red 
ipd  of  white  paper,  fastened  by  means  of  wax  to  the  ends  of  the 
Mark  the  north-seeking  poles,  -~  and  the  south-seeking 


%28.  Cliaracteriwtics    of  Magnets. — Magnets 

B  chiefly  characterized  by  ths  property  of  attract- 
f  iivn  and  hij  n  trndency  to  assume  a  partie- 
'  direction  of  position  ii-hen  fred-y  suspended. 

i  83.— (a.)  Take  magnolA  of  B^^nm^tA^^tt^Q^'-i-M^ 
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support  and  bring  )U  +  end  aear  the  —  end  of  B  or  0,    tMMW 


(A.)  Bring  tlie  +  end  of  A  near  the  -f  end  at  B  or  0.  Notice  ttu 
lepnldon. 

(e.)  Bring  the  —  end  of  A  near  the  —  end  of  £  or  O,  Notice  tlu 
repolcrion. 

(d.)  Bring  the  —  end  of  A  near  the  +  end  of  B  or  (7.     Notfee  At 


(e.)  From  (a.),  we  learned  that  the  —  ends  of  B  and  C  were  eidi 
attracted  bj  the  +  end  af  A.  Bring  the  —  end  of  B  near  the  — 
end  of  C     Notice  that  ihey  now  repel, 

(/.]  From  (6.),  we  learned  that  the  +  ends  o!  B  and  G  wei*  eacb 
repelled  by  the  +  end  of  A.  Bring  the  +  end  of  B  near  the  +  vmA 
C.     Notice  that  thej  now  repel. 

{g.)  Id  Himilar  manner,  show  that  the  +  tod  of  £  will  attract  the 
—  end  of  C ;  that  the  —  ond  of  B  will  attract  the  +  end  of  C. 

Becord  the  results  of  jour  esperiniente  in  tabular  form  thux: 


(a.)  H 


(i-)   H 


k 


Experiment  84.— Magnetize  a  number  of  fine  sewinK-needlra  bj 
it  three  or  four  times  from  the  eje 
to  the  point  of  each. 
Cut  aevEial  small 
corka  into  slices 
nbout  an  eighth  of 
an  inch  thick. 
'I'lirongh  each  codt 
disc,  push  a  needle 

downward,   and 

round  dish  of  water. 
These  Utile  mag- 
nets have  thdr  Uk* 
poles  presented  to  each  other  and  they  mutually  repel.  Bring  Ibe 
har  raagnet,  with  its  +  end  downward,  oirer  the  needles ;  they  will 
be  driven  to  the  aides.  Siniiiarly,  bring  tlie  —  end  over  them ;  ihlj' 
will  be  allmcted  toward  the  centre. 


439.    lAkWH   of   Magnui*.— V^^.'^    Eup,ry 


each  of^^H 
ms  of  abtrao-      I 


}  two  simH-ar  poles;  like  poles  repels  i 
Hike  poles  attract  euch  other. 

)  Magnetic  force,  like   other  forms  of  attrac- 
t  and  repulsion,  varies  inversely  as  ifie  square 

f  the  distance. 

Experiment  85. — Dip  one  of  the  niBgnetixed  knitting -neF«}tee  into 
iron  filiaga,  Kutica  tlmt  filings  cling  to  the  enda,  near  the  paper 
discs,  but  that  none  eliag  lo  the  middlo.  Break  the  needle  in  the 
middle  and  dip  esdi  piece  into  iron  Hiingti.  Notice  that  tlie  an- 
marked  ends,  which  were  at  the  middle  of  the  unbroken  magnet. 
now  attract  iron  filings  as  well  as  do  the  marked  ends.  Polei  haue 
been  developed  in  parts  n/  tAe  Mtdie  Ihal  previowily  s/unoed  no  mag- 
nelie  attraelion. 

430.  Effect    of  Breaking   a   Mag:net If    a 

magnet  be  broken,  ouch  piece  becomes  a  maguet  with  two 
poles  and  an  equator  of  ita  own.  These  pieces  may  be 
repeatedly  subdivided  and  each  fragment  will  bo  a  perieci 
magnet. 


It  is  probahle  that  every  nvolecule  has  its  poles 
or  is  polarized  and  that,  could  one  he  isolated,  it 
ivottld  be  a  perfect  magnet.  We  may,  thus,  conceive 
a  njagnet  as  made  up  of  molecules  each  of  which  is  a 
;iiet,  the  aetion  of  tlie  molar  magnet  being  due  to  the 

ilbined  action  of  all  the  molecular  magnetu  of  which  it 

Mmpoaed. 


[431.  Magnetized,   Magnetic  anil  Diamag- 
tJc  Substances. — A  magnel'mA  \«i4."j  la  «^b  ■^■as. 


i 


can  be  made  to  repel  a  pole  of  a  freely  suspended  magnet 

yubstances  that  are  attracted  by  a  maguet  are  called  iiiag- 
netic;  e.g.,  irou  or  steel  aud  nickel.  Substances  that  are 
repelled  by  amugnet  oxe  caW^eA  diamagnetic ;  e.g.,  bismuth, 
antimony,  zinc,  tin,  mercury,  lead,  silver,  copper,  gold 
and  arsenic.  Of  these,  iron  is  by  far  the  most  magnetic. 
while  bismuth  is  the  most  diamagnetic.  The  magnetic 
properties  of  iron  or  steel  are  easily  shown;  diamagnetic 
properties  require  a  powerful  magnet  for  Batisfactory  illus- 
tration. 

Experiment  86.— Wtap  a  bmr  magnet  in  a  piece  of  clnlh.  Wiih 
it,  attract  and  repel  the  polee  of  v.  snependcd  magnet. 

Experiment  87. — Repeat  tlie  last  experiment,  hoIdiDg  ft  elate  « 

ebeet  ol  zinc  between  the  two  magnets. 

Experiment  8B.—  Put  one  piece  of  tiie  broken  magnet  Into  a  bot- 
tle ;  cork  ibe  bottle  tightlj.  With  it,  attract  and  repel  the  poles  of 
a  BiiBpended  magnet. 

433.  Magnetic  Screens.— JVfrfA-in.^  but  a  ittag- 
netic  body  can  out  off  tJie  inductive  action  of  a 
magnet.  If  a  small  magnet  be  suspended  inside  a  hol- 
low iron  ball,  no  outside  magnet  will  affect  it. 

Experiment  S9. — With  the  end  of  a  good  bar  magnst,  write  your 
name  upon  the  blade  of  a  haDdeaw.  The  invisible  chaructpiH  mi; 
be  made  visible  by  HifUng  line  iron  filinge  npon  the  blade. 

Experiment  90. — Place  a  piece  of  card-lioard  or  rough  dranini 
paper  over  a  f;i>od  bar  niagnet.  Sift  line  iron  fillnjiB  through  a  {riVM 
of  muslin  upon  the  card.board  aud  tap  it  lightly.  The  iron  yntOdt* 
will  move  and  arrange  ihemselvfiB  in  well  defined  carved  lines.  (9m 
Fig.  213.)  B_v  using  two  bar  magnets  placed  side  by  side,  firtl,  wltk 
like  poles  ne^r  each  other  and,  tecoiifUi/,  witli  unlike  poles  near  «*^ 
other,  their  combined  effect  on  the  iron  filings  uu)/  be  easily  A 
ferved.     The  figures  will  be  witeVj  dlSeteoX.  ^^ 
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K'433.  Majfnetlc  Field. — A  magnet  seemBtobesar- 

f^uoded  bj  an  atmosphere  of  magnetic  influence  called 

magnetic  field.      (See  §  450(/  and  Appendix  N.) 

■The  magDetic  curves,  formed  in  the  above  experiment, 

very  interesting  and  instructive  for  they  show  the 

iirection  of  the  lines  of  magnetic  force.    The  filings 

1  any  ono  of  these  curves   are  temporary  magnets  with 


adjoining  poles  opposite  and  therefore  attracting.  If  a 
small  magnetic  needle  be  suspended  over  the  card  board 
at  any  point,  its  length  will  tend  to  lie  in  the  direction 
of  the  lines  of  magnetic  force  at  that  point  as  mapped  out 
by  the  iron  filings. 

(a.)  'I'll  ■  flffiires  may  be  permanently  fixed  by  osinji:  a,  sheet  of 
glasB  tliu^  line  been  gTimmeil  ond  dried,  instead  at  tbe  sheet  of 
paper.  The  filings  are  sifteii  evenly  over  tho  surface ;  Ihpn  the  glass 
IB  tapped ;  tben  a  jet  of  steam  in  caused  lo  play  gently  above  tLe 
sheet.  Bofteoiug  t)ie  surface  (if  the  KUin,  which,  as  it  liardens,  Gxett 
the  Blinga  in  their  plactw. 

(6.)  Since  the  lines  of  force  are  made  of  little  magnt-tic  particles 
thnt  set  themaolveB  thna  iu  oliedienoe  to  the  ultractiona  and  re- 
pulsloiiFi  in  the  Geld,  they  represent  the  resultant  dirvc'lion  of  sniil 
fbrcee  at  each  point.  They  map  out  the  magnetic  field,  ahowiug  the 
liirection  ^t  Uje  m%^etie  firce  by  theji  po^Uijs  wvi  V»  mla^iM  M 


I 
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their  number.  If  a  emtM  —  pole  could  be  obtained  alone  and  pnt 
down  on  any  one  of  these  lines  of  force,  it  would  tend  to  move  alonfc' 
that  liDB  (rom  +  To  —  ;  a  single  +  pole  would  tend  to  move  abog 
the  tine  in  an  opposite  direction. 

Experiment  91.— Rub  ™e  eiid  of  a  ateel  pen  against  the  end  of  ■ 
magnet.  Dip  the  pan  into  iron  filings  and  notice  that  the  nevl* 
,  nude  magnet  has  a  pole  at  eiiek  end.  Determine  the  sign  of  each  o! 
these  poles,  as  indicated  in  Eiperiment  82. 

434.  Mag^netizatioii    by  Contact. — ^  bar  of 

iron  or  steel  may  be  magnetixeil  by  niibing  ii 
against  a  magnet.  Pure  or  aoft  iron  is  eaail;  magnet- 
ized but  quickly  lo»38  ite  niagnetism  when  the  magoetii- 
ing  inflnence  la  removed.  Hardened  steel  is  magnetized 
with  more  difficulty  but  retains  its  magrtetism  after  tbe 
removal  of  the  magnetizing  influence. 

Experiment  92.— Move  the  point  of  an  niimagiietiBed  eteel  pen  lo 

and  fro  very  near  one  end  of  a  magnet  but  without  toDchlngf  it  la 
the  mngntit.  Dip  the  pen  into  iron  Slings  and  determine  whether 
or  not  it  has  been  magnetized.  If  it  has,  dplermine  the  sign  of  earli 
pola,  as  in  the  last  eiperiment  and  notice  whether  the  point  of  the 
pen  is  of  the  same  polarity  as  the  end  of  the  magnet  near  which  it 
waa  moved. 

Experiment  BS.^Bring  a  short  bar  of  soft  fmn,  /,  very  nwr  t 
strong  bar  mognei,  ^f,  end  lo  end,  as  shown  in  the  figure.     Sprinkle 


iron  filings  over  the  ends  of  the  iron  bar  and  they  will  cling  afltiiST 
would  Lo  H  magnet.     The  iitm  liar  is  a  magiitl,  tchile  it  rfmaiM  M 

ihiii  piDiili"fi. 

435.  Magnetic  Iiidiictitni. — If  the  end  of  a  bw 
ilf  soft  iron  be  brought  near  one  ot  tVft'gQ^*'!^  *4tt 


^et,  the  iron  becojnes,  for  the  time  being,  a  ma.g- 

The  poles  of  the  temporary  magnet  will  be  opposite 
0  those  of  the  permimuiit  miiguet,  i.e.,  if  the  +  or  jMiai- 
ive  pole  of  the  niaguct  be  preKented  to  (he  irou  bar,  it 
I  win  develop  a  —  urnegativc  pole  in  tlie  nearest  eud  of  the 
iron  bar  and  a  +  pole  at  the  further  end.  Bring  the  iron 
bar  nearer  the  magnet  and  this  effeet  will  bo  increased. 
Actual  contact  is  not  necessary,  but  when  the  iron  and 
the  magnet  touch,  the  magnetizing  force  is  the  greatest. 
If  a  steei  bar  be  used  instead  of  an  iron  bar,  it  will  be  per- 
manently instead  of  temporarily  magnetized.  27te  iron 
or  tJie  steel  is  induced  to  become  a  magnet  by  the 
influence  of  tJte  magnet  used.  It  is  said  to  be 
m-agnetized  bi/  induction.  This,  like  other  forms  of 
attraction,  varies  inversely  as  the  square  of  the  distance. 
We  have  already  seen  that  magnetic  induction  takes  place 
in  certain  directions  called  lines  of  magnetic  force 
(8  «3-) 

Experiment  94.— Bring  n  BOtl  imn  ring  to  th?  end  at  a  nugoet. 
It  will  \>e  supported.  Bring  a  second  ring  Into  contact  with  the 
first  ring  and  it  will  be  Bup- 
ported.  In  this  way,  (ju 
a  nnmber  of  rings  ma.v 
Bupported,  eacli  ring  being 
magnetized   bj'   the  bar  >: 

ring  magnet  above  it.     01  Fih,  214. 

conrae,  the  attractive  force 

Is  FOntiniiHllj  weakening  from  tbeHret  ta  the  last  fing.  Sup- 
port the  upper  ring  npon  your  finger  and  remove  tlie  mngnet. 
Each  ring  ceases  to  be  a  magnet  und  the  chain  is  b  ' 
Its  separate  links.  Vaiy  the  experiment  by  nsing.  instead  of 
the  rings:  (1.)  Soft  iron  ndlfl ;  (2.)  Steel  sewing  needles ;  and 
Bee  if  there  is  any  difTerencc  in  the  reaullB, 

Experiment  95. — Suspend  an  iron  key  from  the  positive  end  of 
A  bas  iQ^fnet.    The  kej  is  juductiveljr  m&gnetkie&,  0^  K^aiawL  <A 


The  first  tnagnet  ttiada  to  iDdure  a 
key.  The  second  maguet  tends  to 
point.     The  effect  of  euch  magnet  neutratizi 


■t  the  upper  end  d' 
tliat  of  the  other. 


Experiment  96. — Magnetize  a  piece  of  walth  spring  nboal  fit 
inches  long  (easily  obtainable  at  the  watch  repairer's)  by  dnwing  B 
siiveral  times  betwepQ  the  tliumb  and  the  end  of  a  nugnet.  Dip  it 
into  iron  fllingB.  Lift  it  carefully  with  its  load.  Btiog  the  polea  of 
the  spring  magnet  together,  bending  the  magnet  Into  a  ring.  The 
f/Mgtiel  driipn  it»  toad. 

436.    luductiou    Precedes    At- 
traction.— We   now   see  wliy   a  magnet 

attracts  ordinary  iron;  it  first  niagiietizta 
it  and  then  attracts  It.  The  attraction  be- 
tween unlike  poles  is  greater  than  the  ro- 
pnlsion  between  like  polea  becanse  of  tba 
smaller  distance  between  them.  Compai* 
§336. 


Experiment  97.— Test  a  common  fire  roknrfOt 

Fic.  3i6.         magnetism  by  briogingnsmall  niogneticneedlencM 

its  ends  and  seeing  whether  the  polcer  rvpett  aibm 

poiti  of  the  cumpasa  needle  or  whether  the  two  ends  of  t)ie  fokit 

attract  different  polea  of  Ibe  needle.    If  the  poker  is  not  even  B.igbll; 

c«it  wilU  Its  uppot  Mil  B\ovmisvy«'wi\\>e south  »•• 
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to  make  an  angle  of  &  little  less  than  half  a  right  angle.  In 
wurds,  place  it  in  the  potion  amamcd  by  i\w.  dijiping  d 
(§  4<t9.)  Wblle  the  poker  \a  in  thin  posttiou.  Birikc  il  u  few 
with  a  wooden  block  or  iaiilli.-l.  Test  it  ugain  lor  maj^etism. 
steel  poker  that  has  asoall;  stood  in  a  ncurl;  vertical  jHinitioi 
thus,  often  be  shomi  to  Lave  acquired  luBgnctieni, 

437.  The  Earth  is  a  Magnet.— The  earth  t 
like  a  huge  magnet  in  det^rmintDg  the  direction  of  c 
paaa  and  dipping  needlee.  Its  inductive  influence, 
fiiiowii  in  the  last  experiment,  Btrengthens  the  belief  that 
it  has  Buch  action,  tf  a  emaU  dipping  needle  be  placed 
over  the  —  end  of  a  l^ar  magnet,  the  ncedlo  will  t4ike  a^ 
Tertical  position  with  its  +  end  down.  As  the  needle  & 
moved  toward  the  other  end  of  the  bar.  it  turns  from  ii 


vertical  position.  When  over  the  neutral  line,  the  needle 
is  horizontal.  As  it  approaches  the  +  end  of  the  magnet, 
tlie  needle  again  heeoniea  vertical,  but  the  —  end  of  tlie 
needle  is  drawn  down.  If  a  dipping  needle  lie  carried 
&oni  far  sonthern  to  far  northern  latitudes,  it  will  act  in  a 
similar  way.  Many  facts  seem  to  teach  that  tlie  eariJi  is 
<«  ^rcat  magnet  wiih  magnetic  poles  near  its  geo- 
^raphioal  poles.  The  magnetic  pole  in  the  northern 
hemisphere  was  found  in  183^  by  Capt.  Ross.  It  was  thea^J 
i  waih  and    west  of  Hudsoa'a  lia^,  va  \a&A'a£ 
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70°  05'  N.,  and  longitude  96°  45'  W,  A  place  in  tliD  south- 
em  liemispbei-e  has  been  found  wbere  the  dipjiiLg  needle 
is  nearly  \ertical. 

438.  Names  of  Magnetic;  Poles.— We  Imve  now  leunud 
lo  rt^rd  the  earth  as  a  linge  taagoel,  with  one  pule  in  iliu  northeca 
liemiaphere  and  one  in  the  Boathtnn.  Since  unlike  poles  atttux 
Hicb  other,  It  follows  that  the  earth'*  tnagnttic  ptile  situated  in  lb 
ncrthem  hemiipAere  in  opposite,  in  kind,  to  the  end  of  a  magiutk  fieiHt 
that  poiiitt  to  the,  north.  From  this  fact,  great  coofusion  n(  nmoeti' 
clature  has  ariseti.  We  liave  spoken  of  tlie  end  of  the  needle  tbM 
points  north  as  —  or  negative.  Following  this  nomenclnture.  llie 
northern  magnetic  pole  of  the  earth  must  he  +  or  pusiUve.  Bui 
popular  usage  calls  the  north -aeeking  end  of  the  nepdle  the  norlli 
pole  and  the  othpr  enil  the  south  pole.  Tliia  iniroduFes  great  confu. 
8i<in  when  we  wish  to  speak  of  the  magnetic  poles  of  the  eanh. 
The  Qomenclaturi?  that  we  hare  adopted  ohviates  this  confugion. 

ExpflPiment  98. — Make  a  horiamtal  needle  of  a.  piece  of  wucb 
spring  about  six  inchpn  long  and  straiglilened  hy  drawing  it  lietweM 
thumb  and  QnutT.  Heat  the  middle  of  ihr 
needle  to  redness  in  a  Unme  and  bend  )l 
double.  Bend  the  ends  back  into  a  iiiri; 
with  each  other,  as  shown  iu  Fig.  21& 
Magnetize  each  end  separately  and  oppo- 
FiG,  aiS.  sitelf.      Wind  a  waxed  thread  around  ibr 

short  bend  at  the  middle  to  form  a  sucket 
■nd  balance  the  needle  upon  the  point  of  a  sewing-uecdle  tlirust  iou 
e  cork  (or  support.  A  little  filing,  clipping  with  shears  or  Iwidiii; 
with  wax  maj  be  necesguo'  *»  uiake  it  balance.  The  needle  ^riU 
point  north  aiid  south. 

Experiment  99.— By  means  of  a  fine  wire  fork,  gently  lay  qi 
the  magnetized  sewing  needles  of  Experiment  84  on  the  surfii 
water.  It  will  float  without  any  fork  or  similar  support  anil 
assume  a  north  and  south  position.  Il  may  lie  considered  the  di 
of  a  small  cnmpara. 

439.  Magnetic  Needleu.^.-/  ,shmII  bar  r 
suspended    in   nuch    a    manner    as    io    allow    it  I 

,  assttnw   its  cJuisen,   jmsition,   is  a   m^gnetio  i 
■Jj^  ituty  tiirik  in  a  horvwnbtil  w  n  utrluiul  jgloa*- 


t  b«  free  to  move  in  a  horizontal 
Iff.,  tUeinnriner'BQr  lliesurvev- 
:b  (Fig.  319).  It  «m  tome  to 
ifntiog  nearly  nortli  Lind  south, 
ma^iit  lie  tree  to  move  in  a  vi-r- 
iauF,  it  constitutes  n  vi'.rticul  or 
;  needle  (Rg.  S20).     Two  niaguelH 

idea  feversod  constitute  iin  astutic 

(Rg.  221).     An  aatatic  nec-dle  ub- 

jo  particular  direction  with  rcBpect 

«r(h  if  tbe  two  needlpB  are  equally  '^"^  ■"^* 

ized.     (g  418.) 

ifake  a  dipping  needle  bj  liitusting  a  knitting-needle  througfli 
a  cork  so  that  the  cork  shall  be  at 
the  middle  of  the  noedlu.  Thrust 
through  the  cork,  at  right  angles 
to  the  kiiilting-needlc.  half  a  knit- 
ting-needle, or  a  eeu-ing-needle, 
forunasis.  SQ|>port  the  eude  of 
till!  oxis  upon  the  edges  of  two 
glass  gobluts  or  other  convenient 
objects.  Push  the  knitting-nciidte 
through  the  cork  so  that  It  will 
baliuice  upon  the  aiia  like  a  Bcsle- 
beam.  Magnetize  iliu  knitting- 
needle  and  notice  the  dip, 

{c.)  A  magnetized  HawinR- 
needle,  suspended  near  its  middle 
{at  ila  centre  of  gravity]  by  a  fine 
thread  or  hair  or  an  untwisted 
fibre  will  serve  as  a  dipping  needle. 
.'  au.s|ii-u(lLd  au  us  to  hang 

tal     flud     maguctiied    afterward. 

:e  form  of  dipping  needle  is  repre-      _  ~^^^ 

uFlg.  323. 

nclinatioii  or  Dip. — 

that     II     dipping 

with     n     /tori.-  ^^^ 

called    its    in-  F'c,  221. 

The  angle  in  question  \a  TO&.\»isA^ 


I 
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by  the  dotted  arc  of  Fig.  333.  At  the  magnetifi  poles,  the 
inoliaation  iB  90°;  at 
the  magnetic  eqaatoi, 
there  ia  no  iQclina- 
tioD.  The  inclinatioii 
at  any  given  place  is 
not  greatly  different 
from  the  latitade  of 
that  place. 

(a.)  Bxperfments  (bt 
IndiDfttioD  wr«  difficoli 
of  execution  witliaat  ege- 
dal  spparatus.  It  is  diffi- 
cult to  make  a  needle 
tnm  abont  a  point  ei- 
Bctly  coincidetit  with  lis 
centre  of  gravity.  Ii 
rough  experiments,  there 
is  danger  that  the  mag- 
netic effect  will  b« 


masked  b;  the  effect  of  gravity. 


OJ"!-  O,,^ 


^* 


Experiment  100. — Bet  two  stakes  so  tbat  a  string-  joining  (heDi 
will  point  toward  the  Xorth  Star.  Tlie  atring  will  ruii  north  and 
south  or  nearlf  enough  so  for  our  purpose.  Place  a  long  magnet 
suspended  as  a  needle  undor  or  over  the  string.  Looliing  downward 
at  the  mitgnett  and  the  string,  it  wiU  probably  be  found  that  tbe 
needle  and  the  string  do  not  point  In  the  same  direction.  The 
North  Siflr  may  be  easily  found  any  evening  in  the  direction  indi- 
cated by  "The  Pointers"  of  the  well  known  constellation,  "The 
Great  Dipper."  "The  Pointers"  are  the  two  staiB  marked  by  the 
Greek  letters  a  and  H  in  Fig.  238, 

441.  Declination  or  Variation. — The  magnetic 
needle,  at  moat  places,  does  not  lie  in  au  exact  north  and 
Eontb  line.  j[%e  an^le  that  the  needle  makea  ivith 
the  geographical  Tneridian  is  its  declination  or 
variation.^  A  line  drawn  throngh  all  places  where  the 
needle  points  to  the  true  north  iu  called  a  Line  of  no  Vari- 
ation. Such  a  line,  nearly  straight,  passes  near  Cape  Hat- 
terae,  a  little  east  of  Cleveland,  Ohio,  through  Lake  Erie  and 
Lake  Huron.  It  is  now  slowly  moving  westward.  At  all 
places  east  of  the  Line  of  no  Variation,  the  —  end  of  the 
needle  points  west  of  the  true  north ;  at  all  places  west  of 
the  Line  of  no  Variation,  the  variation  ia  easterly.  The 
further  a  place  ia  from  this  line,  the  greater  the  declina- 
tion, it  being  18°  in  Maine  and  more  than  30°  in  Oregon. 

(n.)  lo  order  that  ships  may  steer  safely  by  the  TOmpass,  magnetic 
charts  are  prepared.     The  declination  at  various  placos  is  pro]>erly 
indicated  on  tho  chart.     The  surveyor  must  recognise  not  only  the 
declination  of  hia  needle  but  also  the  changes  in 
wise  lie  would  not  be  able  propyrly  to  "  run 
the  lines  "  of  a  given  piece  of  land  from  the        --^=9B 
description  given  in  an  old  deed,  \~\~ 

Experiment   101.  —  Construct  a.   fiiiatiTip 
cell  of  Kinc  and  copper  plates,  about  \  inrli  i   ! 

apart,  the  connecting  wire  being  given  an  '^  ■^ 

elongatedspiralormife/WMiform.andsupport  ^"^-  ^^1- 

tt  by  a  large,  flat  cork  rowing'  on  the  surface  ol  n  \)aw\l\i\  cS  wSiii- 
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lated  water,  sa  sliown  in  Fig.  384.  Tlie  Boleooid  may  be  mnde  by 
winding  the  middle  purl  of  ttlmut  3  yards  of  No.  30  insulated  coppet 
sire  around  a  rod,  half  au  inch  in  diamotor,  (orining  thaa  n  coil.  J 
IT  5  inchea  long.  The  current  will  set  the  axis  of  the  solenoid  in  i 
north  and  south  direction  as  if  it  were  a  magnetic  needle.  By  hold- 
ing IOTP  end  of  a  har  magnet  near  first  one  end  and  then  the  other 
end  of  t'le  solenoid,  it  will  be  found  that  ihe  latter  exhibits  magnetic 


polarity. 


I 


Experiment  103. — Support  a  solenoid  liy  placing  the  eitreinitlM 

of  its  wire  (bent  Into  the  eanie  vertical  axis)  in  two  mercuiy  eup9,  u 
shown  in  Fig.  236,  or  use  ihe  solenoid  of  the  floating  battery  nbore 
described.  Bring  11ie  end  of  a.  second  solenoid  sncceesifely  to  tlif 
ends  of  the  first  and  notice  the  enhjbitian  of  magnetic  polarity. 

Experiment  103. — Send  a  current  of  eiectrioity  from  Ihe  small 
cell,  mentioni^  in  Experiment  16,  tlirougli  its  wire.  Poor  half  ■ 
teaspoonfui  of  iron  Glings  upon  a  sheet  nf  paper  and  bring  the  wire 
conductor  of  the  cell  into  cont-acl  with  the  fllings.  Notice  thai  the 
filings,  cling  to  the  wire  be  though  it  were  a  magnet.  Break  tlu 
circuit  and  notice  that  the  filings  fail  from  the  wire. 

443.  Electro-Magnets. — From  these  experiments, 

we  Bee  that  while  the  wire  conductor  is  carrying  an  electric 

current  it  has  the  properties  of  a  magnet.     "We  hfiw 

already  seen  that,  under  similar  circmnatances,  the  ow- 

doctor  deBects  a  magnetic  iiecSlB_aa  M  ■*.  n^tg  itaelf  i 
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^^■Rgnet.     In  fact,  flucli  a  coiidnctor  is  a  temporary  mag- 
^^Kli.     The  magnetic  effect  ib  much  iiicretised  if  a  con- 
^B|derable  length  of  the  eoaductor  ho 
^Etude  of  insulated   wire    anil   wonnd 
'     into   a   coil,    as   shown   in  Fig.  226. 
Such  a  coil  is  called  a  helix;  it  is  a 
magnet  with  a  -\-  pole  at  one  end  and 
a  —  pole  at  the   other.      It  has  an 
eaaily  perceptible  magnetic  field.     If 
a  soft  iron  rod  or  core  he  introduced 
^^uito  the  coil,  it  enters  the  magnetic 
^Hjeld  of  the  coil  or  helis  and  !>ecomes 
C'»  magnet.     This  combination  of  coil  and   core  consti- 
tutes an  electro -magnet  and  la  more  powerfully  mag- 
netic than  the  coil  alone.      An.   eleetro-Tnagnek   is   a 
bar  of  iron  surrounded  by  a  ooil  of  irtsitlated  wire 
carrying  a  current   of  electricity.     It  may  he  made 
more  powerful  than  any  permanent  magnet  but  loees  its 
power  as  soon   as  the    current 
ceases  to  flow  through  its  coil, 
The  fac^t  that  the  magnetism  of 
this  apparatus  is  under  control 
adapts  it  to  many  important  uses, 
such  a£  electric  bells  and  tele- 
graphic instruments. 


443.  ForiuH  of  Electro- 

Miigiiets.— The  bar  of  %  416,  a, 
—  ",-  gji^  ti,e  j^^,g  of  ^[g_  199^  ^[^\^ 

their  helices,  are  electro-magnets.  The  electro-magnet 
more  often  has  the  horse-shoe  form  shown  in  F\^.  ^'illi^a 
t  ^  setfuctioa  of  hoih  poles  may  act,  u^ii  \1&.<»  ii«an)a 
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1  body  at  the  Bame  time.     The  middle  of  the  bt-nt  bar  is 
bare,  the  directtoti  of  the  windingB  on  the  ends  being  such 

I  that,  were  the  bar  straightened,  the  current  would  move 

e  Eame  direction  round  every  part.    Moiii  frequently, 

the  two  helices,  A  and  B,  have  separate  cores  which  are 

'  joined  by  a  third  straight  piece  into  which  the  ends  of  the 

e  HCtewed.     An  armature  is  often  placed  acroBg  the 

I  two  polea  of  the  magnet,  aa  shown  in  the  figure.     Electro- 

L  magnets  hare  been  made  capable  of  supporting  several 


(a.)  When  the  circuit  is  broken  and  tlie  current  thoB  iDtermpWd, 
he  iron  is  generally  not  lehoUy  demaguetixed.  The  small  mngnet- 
Bui  remainiog  ia  called  residual  magnttimit.  The  residusl  mugnedaln 
leems  to  increase  with  the  hardness  and  impuritf  of  the  iron.  The 
nrea  of  electro-mag-nels  for  some  piuposes  are  made  of  the  softest 
L   tnd  purest  iron  obtainable. 


444.    The    Electric  Telegraph.  —  The  electric 

telegraph  consists  essentially  of  an  electro-magnet  and  a 
"  key"  placed  in  the  circuit  of  a  battery.  The  key  is  an 
instrament  by  which 
the  circuit  may  be 
easUy  broken  or  closed 
at  will.  The  armature^ 
A,  of  the  "ngiater'' 
magnet,  M,  is  sup- 
ported by  u  epring,  .S, 
which  lifts  it  when  tlie 
circuit  is  broketi. 
When  the  circuit  ie 
closed,  the  armature  is  drawn  down  by  the  attraction  of 
the  nuigaet.  Thus,  the  armatutu  may  be  made  lo  vibrate 
up  and  down  at  the  wUl  ot  fti6ipe,Twnifl*i^Jo»%«ji 


mf 
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armature  may  act  npon  one  arm  of  a  lever,  the  other  end 
of  which,  being  provided  with  a  style  or  pencil,  P,  may  be 
pressed  against  a  paper  ribbon,  M,  drawn  along  by  dock- 
work.  Thus,  the  pencil  may  be  made  to  record,  upon  the 
moving  paper,  a  seriea  of  dota  and  Sines  at  the  pleasure  ot 
the  operator  at  the  key  perhaps  hundreds  of  miles  away. 
When  the  two  stations  are  several  miles  apart,  one  of  the 
wires  is  dispensed  with,  the  circuit  being  completed  by 
connecting  each  statiou  with  the  earth.  This  arrange- 
ment saves  half  the  wire  and  nearly  half  the  cost  of  the 
line.  As  the  resistance  of  the  earth  is  insigniBeant,  there 
is  the  further  saviug  of  nearly  half  the  battery  otherwise 
necessary.  Earth  connections  are  often  made  by  joining 
the  wires  to  water  or  gas  pipes  that  mn  into  the  ground. 
When  the  line  is  long,  there  ia  a  battery  at  each  end,  the 
+  electrode  of  one  battery  and  the  —  electrode  of  the 
other  battery  being  joined  to  the  line  wire.  The  same 
principle  of  communicating  signals  by  making  and  break- 
ing an  electric  circuit  is  used  in  fire  and  burglar  alarms, 
hotel  annunciators,  etc, 

445.  Morse's  Alphabet.  — The  inventor  of  the 
practical  electric  telegraph  was  an  American,  S,  F.  B.  Morse. 
The  code  of  signals  devised  by  him  ia  given  below : 

FiauBsa. 


l.KTTttI(a. 

k 

« 

-  — 

^  — 

" 



n--. 

z 

—7. 

P 
3 

y 

—  ■ 

/- 

_ 

T 
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(o.)  To  pTevent  confusion,  &  einiill  epsce  is  left  between  bi 
letters,  s  longer  one  betwetn  woriis  and  a  Htill  longer  one  between    , 
■enlenceB.     We  here  give  a.  aliort  nitBaage  n 
telegraphic  chuactera : 


The  ordinary  telegrapli  opemior  does  not  punctDate  liis 
to  any  cooaiderable  extent     Telegraph  operators 


Fii;.  329. 

[uniliaT  with  this  alphabet  tli&t  they  uoderatand  a  mesMige  from  tbr 
mere  clioka  of  the  lever  and  do  not  nse  any  recording  appannu. 
Such  an  operaior  is  eaid  to  "  read  by  sound  ";  hie  instramctii  is  rMei 
a  "  sounder."    Fig,  239  repreaenls  one.    The  nounder  ia  placed  oa 
local  circait  and  has  a  uaual  fesiBtaace  of  from  three  to  Stc  ohntt. 


■  (&>  VP 

^L  jevt  of  U 


(%)  Wiib  a  long' main  line,  the  reeiaisncc  is  ao  gi^at  ibM  the  W- 
nf  the  rown  battery  is  too  feebXe  wi  Q^«sni)ji  '.'tte  wniadtn  ^^ 
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■  force.    Thie  difflcall;  ie  met 
L  ''  local  battery  "  and 

it  each  BtatiOQ  on  tbe  liut. 
eUj  (Fig.330)  ia  a  dxlicate  elec- 
i^et.  of  Tthlch  tlie  terminnla, 

b,  are  counected  with  the  main 
This  magnet  operates  an  ar- 
e  lever,  e,  the  end.  of  which 
9  aguiDHt  a  metal  contact  piece 
thus  cloeea  the  local  clrcoit 
;h  the  temlnalB,  e  and  d.  The 
Jiee  of  relaya  vary  from  60  to 
iiBB.      The  "  Wealern  tlnlon  " 

d  rela;  has  a  i-eBlstHQce  of  150 


I  arranftement  of  inetru- 
bbest  studied  at  a  telegraph 
t,  one  or  moTB  of  which  may  bo 
it  almoBt  any  town  or  railway 
1.  The  general  fL-atureg  of  t!io 
t "  ere  represeoMd  by  the  dia- 
jhown  in  Fig.  231.  The  pupil 
rnbably  find  the  key,  Boandur 
ilay  on  a  table  and  the  loc»l 
f,  (,  under  the  table.  The  keys 
~  Intually  dosed,  the  current 
rongb  all  relayi  nn  the  line, 
Ut  beiDg  cantinuonii  (g  31 
essage  is  being  a 
When  an  operator, 
B,  Opens  hla  key, 
I  of  the  circuit  stops  iho 
e  relays  and 
[r  springs  to  draw  back  thn 
This  breaks  each 
t  and  demagnetizes  each 
,  the  spring  of  which  r 
mature.     Thiuge    are    no' 

n  the  diagram,  which   also   , 
»  the  condition  of  affairs  at 
ither  station  on  the  line.   When 
age  is  sent   from  anj  statlnn, 
■lis/-  leret,  e,  acte  ae  a  key  to  ite  local  t 


1 


I 
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Honoder  lever  vibrating  in  obedience  to  thi 

tile  Bending  station.     Of  course,  the  sending  operator  

own  niGseBge  fttim  h.is Bounder,  The  meBBnge  taa,y  also  be  Tf»Attim 
aay  Bounder  on  the  line. 

{d.)  If  the  local  circuit  nt  New  York  (see  Fig.  331)  be  lengtbeoed 
BO  aa  to  reach  theuce  to  Boston  and  the  local  battery,  b,  be  increued 
to  the  dimensloDB  of  a  main  batlerj.  B,  (ground  connections  beiog 
made,  of  coarsel,  the  relay  at  Now  York  will  transmit  to  Boston  the 
mesBSfje  receiied  from  Cleveland.  In  BUch  CBsee.  the  relay  at  Xe« 
York  becomes  a  repeater.  MeBsages  ftom  New  York  to  Chicago  may 
thus  be  repeatecl  nt  Meadville,  Pa.,  without  the  Intervention  of  any 
operator. 

446.  Dnplex  and  Quadruples  Telegraphy.— 

The  siniple  Morse  system,  just  described,  is  very  reliable, 
but  a  given  wire  can  transniit  only  one  message  at  a  time. 
By  what  is  known  as  the  duplex  system,  a  wire  may  be 
made  to  convey  two  raessages,  one  each  way,  at  the  aami 
lime,  without  conflict.  By  what  is  known  as  the  quadrtt- 
plex  system,  a  wire  may  be  made  to  carry  four  mesBBgea, 
two  each  way,  at  Ihe  mme  time.  Delany's  muUipUx  sgi- 
tern  enables  the  sending  of  six  messages  in  the  same  direc- 
tion at  one  time.  The  student  ia  referred  to  technical 
works  on  telegraphy  for  an  explanation  of  these  systems. 
A  good  Morse  operator  can  send  or  receive  thirty  or  forty 
words  a  minute  ;  by  the  aid  of  a  combination  of  recent 
inventions,  fifteen  liutidred  words  have  been  transmitted 
over  a  single  wire  in  one  minute. 

447.  Electric  BellR. — The  constractioD  of  lite 
trembler  or  electric  bell  will  be  clearly  seen  by  an  exam- 
inatioQ  of  Fig,  333.  When  the  button  at  P  (anywhere 
on  the  circuit)  is  pushed,  two  metal  pieces  are  brougbt 
into  contact  and  the  circuit  is  thus  completed.     The  spring 

carried  by  the  armature  of  Ihe  magaeX,,  E,  mifuH,  ■ 
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th  the  tip  of  the  screw  at   C,  except  when  it  is  drawn  I 
I  by  the  attraotion  of  the  magaet 


Fig.  232. 


_„  .  .  in  tbe  sprtng  reetB  against  the  end  of  tbe  Rcrew  itt  O  (the 
nit  being  closed  at  P),  tbp  cores  at  E  are  magnetized.  They 
n  draw  the  nnnnl.nre  away  from  the  end  of  the  screw  and  break 
circuit  at  C.  E,  being  thus  demagnetized,  no  lonffer  attracts  ite 
lalitre,  which  is  thrown  back  against  the  end  of  the  Brt«w  b;  the 
[ticit;  of  the  spring  that  supports  it.  It  is  then  again  attracted 
released,  thus  rlhratlng  rapidly  and  etriking  a.  \Ao»i  li^ii  'fca   I 

I  ■!  Hal  Hnorr  vfhmtlntt       /Sno  R  AKa    n\ 


rvieiuwu,  LUU4  viurutiu^  rapjuij'  nuu   taiji 

I M  ff^t  ererjr  vibration.    (See  g  459,  a.) 


448.  Mnkiiig  Permanent  Magnets. — A  oomr 

I  moil  way  of  niagDctizing  u  bIclI  bur  is  to  draw  ou 
end  of  a  strong  magnet  from  une  end  of  tfae  bff 
to    the   other,   repeating    the    operation    several    time^ 

,  always  in  the  same  ilirection.  A  eeeood  method  is  le 
briug  together  the  opposite  poles  of  two  magnets  at  ffie 
middle  of  the  bar  to  be  maguetized  and  simultAneoaal]' 
drawing  them  in  opposite  directions  from  the  middle  to 
the  ends.  A  steel  bar  may  be  magnetized  bj  striking  it 
on  end  with  a  wooden  mallet  while  it  is  held  in  the  direc- 
tion assumed  by  the  dipping  needle.  If  a  bar  of  steel  be 
heated  to  redness  and  cooled,  either  slowly  or  snddecly, 
while  lying  in  the  miignetic  meridian,  it  acquires  magnetio 
polarity.  But  better  than  any  of  these  can  give  an  tiw 
effects  produced  by  electro-magnetism. 


Fig,  233. 

The  bar  may  be  jiermanently  magnetized  by  dravl 
from  its  centre,  in  one  direction  over  one  pole  of  a  p 
ful  electro-magnet  ^nd  then,  from  its  centre,  in  the  oppo-  I 
site  direction  over  the  other  pole  and  repeating  the  piw  I 
cess  a  few  timea  (Fig-  233). 
A  bur  of  steel  placeA  \v\thm  a  \ifc\\^  V\v\'i«.^v__wbicii  a 
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x»iig  current  is  pussing  will  be  permanently  n 
ffhe  bar  sboald  be  passed  into  one  end  of  the  helix  and 
removed  from  the  other  end. 

(a.)  A  long,  thin,  steel  magnet  ia  more  powerful  in  proportion  to 
weight  than  a,  thicker  one  is.  Compound  magnets  are,  therefore, 
of  thin  pieces  of  st«el.  separately  msgneiwed  and  then  bound 
bnndlea.  A  horse-alioe  magnet  will  lift  a  load  three  or 
timee  as  heavy  as  will  a  bar  magnet  of  the  seme  wuight.  The 
lling  power  is  increased  it  the  area  of  contact  between  the  poles  and 
the  armatme  is  increased.  The  lifting  [lowcrof  a  magnet  isstrengtb- 
ened,  in  an  unexplained  waj ,  bj  gradually  increaaiiig  the  load  on  its 
armatare  day  bj  day  until  it  bean  a  load  which  at  the  outset  i  t 
could  not  have  borne.  IF  the  load  be  so  increaecd  that  the  annature 
ia  torn  off,  the  power  of  the  magnet  falls  at  once  to  its  original 
vahie.  Tlie  attraction  between  a  powerful  electro -magnet  and  its 
antiBlore  may  amount  to  300  lb.  ptr  square  inch,  or  14,000  g.  per 
»g.  cm.  Small  magnets  lift  a  greater  load  in  proportioi 
weight  than  Urge  ones.  A  good  steel  horse-shoe  mi 
on«  pound  ought  to  lift  twenty  pounds'  weight. 
Hteel  magnet  loses  part  of  its  magnettsm  by  be- 

jarred  or  knocked  about  and  all  of  it  by  bein^   i 
ited  to  rednesa. 


^■^    Hi 


449.  Armatures. — Magnets  left  to  them- 
selves floon  lose  tlielr  magnetism.  They  should, 
therefore,  be  provided  with  armatures.     Ai-malurek 

Spieee*  of  top,  iron  plitcfd  in  eontart  with  iippoiite 
I,  as  Bhown  in  Fig.  234.  The  two  poles  of  the 
;iiet  (or  magnets,  for  two  bar  magnets  may  be 
I  protected)  act  inductively  upon  the  armature 
produce  in  it  poles  opposite  in  kind  to  those 
wiiu  which  they  come  in  contact.  The  poles  of  the 
armature  Id  tarn  react  upon  the  magnet  and,  by 
their  power  of  attraction,  aid  in  retaining  the  mag- 


TiG.  334- 


450.  Mli^netic  Unite.— All  magnetic  quantities,  strength  at 
intensity  of  magnetization,  etc..  are  expresaed  in  terms  at 
initB  derived  from  tlie  fundamental  units  otleJigCA,  mam  and 
„  they  are  C.  G.  S-  unite 
i^.-Fsit  SlrvifflA  0/  Magnetk  i'oio.— The  mil  magneVvc  vJ*  "* 
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of  inch  stren^b  that  it  repels  ■  sinular  pol«  of  cvquftl  Btraogtli 
'with  a  force  of  oue  iyae.  when  it  is  placed  it  u  distance  ol*  one  cent!- 

[b.)  Magnetic  Potential  being  mensQred  b;  leork  dome  in  moving 
a  unil  uutgaetic  pole  agaioHt  tbe  magnetic  forces,  the  anit  of  mag- 
netic jioteatiid  will  bi:  luraBiired  by  tbe  unit  of  work,  the  erg. 

(c.)  UilU  Bifferenee  of  Magnetic  Puttntial  exists  Istween  two 
points  wlien  it  reijttires  the  expenditure  of  one  erg  of  wnrk  to 
bring  B  —  unit  magnetic  pole  from  one  point  to  the  other  ugainfll 
the  magnetic  forces. 

(d.l  faUiMity  of  Magnetk  Krirf  is  measured  bj  the  force  it  eierU 
upon  a  unit  magnetic  pole ;  hence, 

(e.)  Unit  TntCTitity  of  Field  ia  that  which  acta  on  «  unit  —  pole 
with  a  force  of  one  d/ne. 

461.  Electro-Magnetic  Units.— The  magnetic  nnita  jnat 
dewribed  giveriae  lo  a  set  of  electrical  units,  in  which  tkt  HrtngtK 
tfeiirreiiU,  etc.,  are  eirpreaed  ia  magiietk  meaxwret.     (See  g  8S0.) 

(a.)  Una  &Tength  of  Ourreitt. — A  cnrrent  has  nnit  strength  when 
1  eta.  length  of  its  circnit  tient  into  an  arc  of  1  em.  radioa  (»o  h  \a 
be  alwa^  1  cm.  away  from  the  magnet-pole)  ejerta  a.  toKe  of  one 
dyne  on  a  unit  magnet-pole  placed  at  the  centre. 

(ft.)  Unit  of  Q'lantUji  of  EleHrieity  is  that  quantity  which  is  con- 
Tejed  by  unit  current  in  one  second. 

{(!.)  Unit  of  Diffei-enCB  of  PeUntird  (or  of  E.  M.  P.)  ia  that  which 
exists  between  two  points  when  it  requires  tbe  eicpendltuie  of  one 
grg  of  work  to  bring  a  unit  of  +  electricity  from  one  point  to  the 
other  against  the  electric  force. 

(d.)  Unit  of  Re^Ktanet.—K  eondnetor  posBeasea  unit  reaietuw 
when  unit  diSerence  of  potential  lietween  ila  ends  ciusea  a  cuimit 
itrengtb  to  Qow  through  it. 


453.  Practical  Units. — As  some  of  these  "abeo- 
[  Inte"  electro- magnetic  units  are  too  large  for  common, 
[  convenient  use  and  others  are  too  small,  the  practical 
I  nui'tB,  the  volt,  the  ohm,  Cht-  ampere,  tbe  coulomb  abil 
\  the  farad  have  been  chosen  and  arc  generally  used.  These 
Limits  Jiave  been  already  described,  Uie  value  gf  each  in 
i8o}ate  electro-magnetic  vm\iR\)6\n%  ^■^^a. 


ift53.    Molecular    Changes    in    a  Magnet. — 

"hen  a  steel  or  irou  bar  is  strongly  magnetized,  it  in- 
creuseB  in  length  and  dimiuialjes  in  tliicknesa  This  effect 
is  probahly  due  to  th<;  magnetizution  of  the  individual  mole- 
cules, which  tend  to  set  themselves  parallel  to  the  length 
of  the  bar.  This  supiwsition  is  confirmed  by  the  observa- 
tion that  at  the  momont  when  a.  bur  is  magnetized  or 
demagnetized,  a  faint  metallic  click  is  heard  in  the  bar. 
When  a  tube  containing  water  rendered  muddy  with  finely 
divided  magnetic  oiide  of  iron  is  magnetized,  the  liquid 
becomes  clearer  in  the  direction  of  magnetization,  the  par- 
ticles apparently  setting  themselves  end  to  end  and  al- 
lowing more  light  to  pass  between  them.  A  piece  of  iron, 
when  powerfully  magnetized  and  demagnetized  in  rapid 
snccession,  grows  hot,  as  if  the  changes  were  accompanied 
by  interna!  friction. 

454.  Theory  of  Magnetism, — These  and  other 
phenomena  point  to  a  theory  of  magnetism  very  different 
from  the  old  notion  of  "  magnetic  fluids."  It  appears  that 
every  molecule  of  a  mag^iet  ia  itself  a  magnet  and  that  the 
molar  magnet  becomes  a  magnet  only  by  the  molecular 
magnets  being  turned  so  as  to  point  one  way.  This  con- 
clnsion  is  supported  by  the  observation  that  if  a  glasB  tube 
full  of  iron  filings  be  magnetized,  the  filings  may  be  seen 
to  set  themselves  endwise  and  that,  when  thus  once  set, 

Kact  an  a  magnet  until  they  are  i^haken  up. 
•5.  Relation  of  Magnetism  to  Eiierg:y.— A 
let  is  a  reservoir  of  potential  enei-gy.    This  energy  is 
doe  to  the  expenditure,  at  some  time,  of  a  definite  amount 
^.of  energy,  ofsome  kind.    By  virtue  ol  its  i^tea^^  ea'at^gj^ 
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'  it  uan  do  a  de&iiite  amount  of  work  and  no  more.  Fot  id- 
BteDce,  it  may  attract  a  certain  amount  of  iron.  When 
thus  fallj  loaded,  the  magnet  has  done  it«  full  work  aud 
can  do  uo  more.  Mlien  the  iron,  is  torn  front-  the 
magnet,  nutr&  energy  is  expended  aihd  the  magnet 

\  thus    endowed    again    with    potential    energy.     ,i 

'   magnet  has  not  an  inexhaustible  supply  of  ener^ 

I  as  soTne  have  supposed. 


EXEBCISSS. 


1,  ia.)    What  Is  a  magnetic   pole?     (b.)   A  magnetic 
I   (r.)  How  does  a  niflgnut  behave  toward  Boft  iron?    (d.)  How  di 
a  behave  toward  a  magnet ! 

l)  State  uarufutl;'  the  varionB  effects  thnt  one  magnet  us> 
ipon  a  Bocoad  magnet,     (b.)  Geiieralize  these  obeerred  bt!e 
I  into  a  law. 

1.  On  biiard  an  iron  ship  that  is  laying  a  submarine  telegmph 
cable,  there  is  a  galviinometer  used  for  testing  Ibe  cantiDuit;'  of  the 
cable.     It  is  necessary  to  prevent  the  magnetised  needle  of  the  gal- 
vanometer from  being  affected  by  the  magnetism  of  the  ship.    How 
I  can  this  he  done  ? 
4  {a.)  Oiven  a  bar  niagnpt,  bow  would  you  determine  the  sign  of 
ritfaer  of  its  poles?    (&.)  What  ia  a  diamuguelic  subetanee? 
5.  If  a  magnetic  needle  be  freely  suspended  from  its  centro  of 
gravity,  what  position  will  it  bshuqic? 
6.  ('t.)  Doyuutliinh  that  the  earth  is  a  magnet?    {b.)  Oiveagnod 
leaeon  for  your  answer,      (r.)  Do  the  magnetic  and  the  geognpbScal 
meridians  ever  coindde?     (d.)    Do  they  always  coincide?     («,)  l( 
they  do  not  coincide,  what  name  would  you  give  to  their  different 
in  direction  ? 

7.  {a.)  Does  the  magnetic  attraction  of  the  eanh  upon  a  ship'* 
compass  Itnd  to  float  the  ship  northward  ?    ib.)  If  so,  why?    If  not, 

»  why  not? 
8.  (a.)  State  and  illustraie  the  second  law  of  motion,     (b.)  SMe 
mnd  illnstrate  the  law  of  universal  gravitation.     («,)  A  body  &□■  h> 
the  ground  from  rent  in   11  Beconds ;  what  is  the  apace  passed  over? 
9.  An  electric  bell  in  Hevetand,  Ohio,  is  to  be  rung  by  a  hMtery 
in  New  York  City.    Should  the  tnagoet  ooils  of  the  bell  be  tnade  cl 
MaeoroMiae  wiiei 
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10.  Would  you  use  a,  loog  coil  or  a  short  coil  galvBDOmeter  to 
leasure  tlie  ciurent  ueed  lo  riug  the  bell  above  meutioned? 

11.  Would  it  make  oiij  diSertDce  wlietber  Ibu  galvanometer  were 
at  into  the  circuit  at  New  York  or  at  Cleveland  if  the  line  be  thor- 
ughl}'  insulated? 

IS,   With  a  local  battery  of  2  cells,  each  having  bd  internal  resiat- 

of  SohmB,  what  should  be  the  resietance  of  the  Bounder? 
18.  The  cellH  represented  in  Fig.  235  have  each  an  E.  M.  F.  of  3 
i  an  iDternal  resistance  of  3   ohmB, 
the   resistance  of  the  external   cir- 
l  the  battery  is  arranged  in  the  beat 
possible  way  t  Ant,  2  ohms. 

14.  Why  is  it  that  when  there  is  little  other 
resistance  in  the  circuit,  a  stout  wire  with  few 
(urns  will  make  s  stronger  electro-magnet  than 
a  very  fine  wire  with  many  more  tnms? 

15.  A  battery  of  5  LcclancLe  cells  was  con- 
nected in  aimple  circuit  with  a  )calvanometer 
and  a  box  of  resistoncc  coils,  &  deflection  of 
40"  having  been  obtained  by  adjustment  of  the 
ruALstaaces,  it  was  found  that  the  iDtroductlan 
of  150  additional  ohms  of  resistance  brought 
down  the  defiection  lo  39°,  A  battery  of  ten 
Daniell's  cells  whs  then  aubatituted  in  tbc?  cir- 
cuit and  adjusted  until  the  resistance  was  4U° 
as  before.  But  this  time  it  w&s  found  that  316 
ohms  had  to  be  added  before  the  dnflection  ' 
39°.     Taking  the  E.  M,  F.  i>(  u  single  Daniel 

llaulate  that  of  a  single  Leclanche  cell.  Aii»,  1.49))  volt. 

An  electric  bell  has  a  resistances  of  fl.5  ohm.  It  requires  n 
it  of  20  milliamppres  to  ring  it.  It  is  on  a  line  of  1  mile 
1.30  copper  wire  (see  Apf>endiY  I),  Ignnrlng  the  internal  re- 
IM  of  the  battery,  find  how  many  LecisnchS  cells  {E,  M.  F. 
volts)  will  be  required. 

Wb  have  to  spiid  a  current  through  a  telegraph  line,  100  miles 

j",  the  resiatanci'  of  which  is  13  ohms  per  mile.     The  battery  Is 

ipoeed  of  Danit'U  »^1ls,  each  having  im  E.  M,  F.  of  l.OTU  volts  and 

an  internal  resistance  of  2  ohms.    The  telegraphic  instrument  oBera 

a  resistance  of  180  ohms  and  requires  a  current  of  10  milliamperea 

lo  work  it.     Will  one  cell  of  battery  answer  our  purpose?    Wliy 

PndM  what  circumstonces  will  a  magnet  repel 

pi«e  of  iron  t 


is  brought  down  \* 
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10.  GWe  two  or  three  differences  between  electric  attnctknis  and 
repulsions  and  magnetic  attractions  and  repolsiona. 

20.  A  zinc  and  a  copper  plate  are  respectively  united  by  copper 
wires  to  the  terminals  of  a  galvanometer.  They  are  dipped,  side  bj 
side,  into  a  glass  containing  dilate  sulphuric  a<nd.  The  ^va- 
nometer  needle,  at  first,  shows  a  deflection  of  28°,  bat  five  minates 
later  the  deflection  has  fallen  to  11°.  How  do  yon  aoooont  for  this 
falling  off  ? 

21.  A  wire,  the  resistance  of  which  was  to  be  determined,  was 
placed  in  a  Wheatstone*s  bridge,  in  which  resistances  of  10  and  100 
ohms  respectively  were  used  as  the  fixed  resistances.  Its  resistance 
was  balanced  when  the  adjustable  coils  were  arranged  to  throw  281 
ohms  into  circuit.    What  was  its  resistance  ?    (See  Appendix  M,  \e.\) 

Ans.  28,1  ohms. 

22.  Relays  are  wound  with  long,  fine  wire  and  sounders  with 
short,  stout  wire.    Why  is  there  this  difference  ? 
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Recapitulation.— To  be  amplified  by  the  pupil  for 
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'^Section  v. 

INDUCED     ELECTRICITY. 

466.  Induced  Cnrreiits.  —  From  our  study  of 
frictional  electricity  and  magnetism,  we  are  familiar  with 
the  term  inducHon,  by  which  we  nnderstaud  the  icflnence 
that  an  electrified  body  exerts  upon  a  neighboring  nnelet- 
trifled  body  or  that  a  magnetized  body  eserta  npon  a 
neighboring  magnetic  but  iinmagnetized  body.  In  1831. 
Fantday  discovered  an  analogous  class  of  phenoiDenii 
which  we  are  now  about  to  consider.  Atb  induced  ettr- 
rent  is  a  current  produced  in  n  conductor  by  the 
influence  of  a  neighboring  current  or  magnet.  A 
current  used  to  produce  such  an  effect  is  called  an  in- 
ducing current. 

457.  Inductive  Effect  of  Cl08in§:  or  Break* 
Ing  a  Circnit. — In  Pig.  236,  B  repi-esents  a  double 
coil  made  as  follows:  On  a  hollow  cylinder  of  wood  or 
card-board  are  wound  aeveral  layers  of  stout,  ingnlated, 
copper  wire.  The  two  ends  of  this  wire,  which  conetitntffi 
theprimar)/  coil,  are  seen  dipping  intfl  the  cups,  i/g'.  Upon 
thia  coil  and  carefully  insulated  from  it,  ia  wound  a  mneli 
greater  length  of  finer,  insulated  copper  wire.  The  two  eods 
of  this  wire,  which  constitutes  the  secondary  coil,  are  geen 
pODoectiag  with  a  delicate,  \oiag  noW  (ge.V^ao'iaatar,  ft 
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Remember  that  there  is  no  electrieal  connection  between 
the  two  coilB.  Wires  from  the  poles  of  a  voltaic  cell,  P, 
dip  into  mercury  in  the  cups  j. 17',  thus  closing  a  circait 
through  the  primary  coil  of  B.  ATliiJe  this  cirenit  is  closed, 
the  galvanometer  needle  is  at  rest,  showing  that  no 
current  is  passing  through  the  secondary  coil.  By  lifting 
one  of  the  wires  from  its  cup,  the  inducing  current  is 
interrupted.      At  this  instant,   the  galvanometer  needle 


Fig.  336. 


by  a  sudden  impulse    ihat    immediately 
passes  away.     This  movement  of  the  galvanometer  needle 
shows  the  existenco  of  a  momentary,  induced  current  in 
_     the  secondary  coil.    The  direction  in  which   the  needle 
^■^nms,   shows  that  the  secondary  current  is  direct,  i.  e., 
^^M>t    it    has  the   same  direction   as   the  inducing  cur- 
^Btot.     It  the  wire  just  removed  from  the  cup  be  replaced 
"i   and  the  inducing  current  thus  re-established,  the  galva- 
nometer needle  will  be  momentarily  turned  in  the  direction 
opposite  W  that  in  which  it  was  previously  turned.     Wfien. 
a  current  begins  to  flow  through  the  primary  coil, 
it  induces  a  current  in  the  secondary  coil,    "WVen. 


ises  to  flow  through  the  prUrbory  eoil,  a  eiir- 
\rent  flowing  in  the  opposite  directioii,  ia  induced 
tin  the  secondary  coil.  Both  induced  currents  are 
mvierely  jnojnentary  in  duration. 


458.  The  Extra  Current. — When  a  circuit  i) 
made  or  broken,  eav.h  convolution  of  a  coil  placed  in  the 

!  circuit  acts  indiietiveiy  upon  the  other  convolutions  of 
the  coil  aa  if  they  were  portions  of  two  nuconnccted  cir- 
Tfiis  action  is  callsdi  the  induction  of  a 
current  upon  itself;  the  current  thus  produced  is 
untied  the  extra  current. 

{a.)  When  tbe  circuit  Ib  made,  the  extra  curreut  is  inverse  or 
i>p]ioeite  in  diri%tioD  lo  tile  primaiy  current  and  acta  agtunst  it 
Tbe  extra  onrrent  at  the  breaking  of  the  circuit  ia  direct  sad  mM> 
Ua  effect  to  that  of  the  primtnry  carrent.  Hence,  ti  Kpark  is  more 
often  seen  on  breaking  than  an  making  contact.  InciManjr  tb« 
number  of  coil H  or  amvolutions  in  the  circuit  will  increase  the  hrill- 
iancy  of  the  spark.  If  the  coil  has  an  iron  core  (eleclTo-migoet) 
thu  effect  ia  (^specially  marked. 

459.  Rnliinkorff's  Coil. — The  induction  coil, 
often  called,  from  the  name  of  its  inventor,  Ruhnhkorff'i 
eoil,  is  a  contrivance  for  producing  induced  cur- 
rents in  a  secondary  coil  by  cl^osing  ami  opening, 
in  rapid  succession,  the  circuit  of  ft  current  in 
the  primary  coU.  The  eagential  (mrt^  are  described  in 
g  45?,  In  the  complete  instrument,  the  axis  of  the  coib 
is  a,  bundle  of  soft  iron  wires.  These  wires  usually  ter- 
minate in  two  Email  plates  of  soft  iron  which  thus  form 
the  ends  of  tlie  wire  bundle.    Around  this  handle,  is  woand 

[  the  primary  coil  of  stout,  insulated,  copper  wire,     Upon 
ibe  primary  coil,  but  catetaU;;  ^iiauUted  from  it,  is  wouikI 


m 
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Becondary  coil  which  is  umile  of  i 
I,  Bilk  covered,  copper  wire. 


great  iminj  turua  ol 


(a.)  The  wire  bundle  (Jf,  Fig-.  338)  becomes  magnetized  byths 
Eu^oo  of  Ibe  battery  current  in  the  primary  coll  and  then  adds  its 
Inductive  eflfect 
npon  the  eecotuJary 
coil  to  the  effect  of 
the  primary  Itself. 
The    primary    dr- 


terrupler  or  contact 

breaker,    repre- 

BCDted   at  lliu  left 

buid   u(    the  coil. 

Fig.  337.  and  at  the 

right  hand  of  the 

diagram  in  Big.  338.     One  of  the  pt 

metallic,  vibrating  plate  with  an  ir 

hammer  Tibrates  back  anil  tortb  beti 

tbe  coils  and  the  end  of  the  mntal  adjoBtiog 

ried  by  tbe  other  post  seeu  in  tlte  figure. 

primary 


Fig.  237. 


I  there  Been  carries  an  el: 
hammer,  h,  at  its  end. 
fn  tlio  end  of  the  iron  cr 
.  d,  which  is 


a  the 


Fig,  238. 


When 

the  hammer  rests  against 
the  end  of  tbe  adjusting 
screw,  the  circuit  is  closed 
and  the  iron  core  is  mag- 
notixed.  As  soon  an  the 
cure  IB  magnetized,  it  at- 
tmctB  the  hammer,  thus 
drawing  it  away  from  the 
end  of  the  screw  nnd  break- 
ing tbe  circoit.  Aa  soon  as  tbe  drcuit  is  broken,  the  bar  ia  de- 
magnetized and  the  ■pXa.U),  by  virtue  of  its  plasticity,  throws  tlio 
baiomer  back  against  the  screw,  cloaing  tbe  circuit  nod  again  mag- 
neU»ing  the  core.  The  piatj-  ia  thus  made  to  vibrato  with  great 
rapidity,  each  oacillation  making  or  breaking  tbe  primary  circuit  and 
cresting  a  series  of  induced  currenls  in  the  H«;ondary  coil. 

(6.)  The  ci/iideme.T  (C  C,  Fig.  338).  which  is  generally  placed  in 
the  pedestal  or  base  of  the  coil,  couaistB  of  a  nnmber  of  siieeta  of 
tinlblt  Insulated  from  each  other  by  thin  aheelH  at  vam\»VeA  ^B,\e\ 


I 

I 
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or  oiled  allk.  AltentaU  Inlets  of  the  tinfoil  ire  Mnneeted,  £  A,  thi 
firet,  tliird,  fiftli,  sevfutb,  etc.,  kyera  are  conneoted.  as  also  ate  tbs 
aecoud,  fourth,  sJith,  eJgblU,  etc..  thus  forming  two  aepanle,  in- 
sulated seiieH.  One  seriea  («.  g.,  the  odd  numbered  nheets)  ia  am.- 
aected  with  one  of  the  poetti  of  the  contact  breaker;  the  other  Bene«, 
with  the  otlicr  poet.  Thus,  the  pliites  of  the  condenser  do  d« 
fonn  a  part  of  ihe  primary  circuit  hut  are,  na  it  were,  1att>ral  eipsn- 
aions  of  tiiat  circuit,  one  on  each  Bide  of  the  contact  breaker.  The 
efffct  of  the  condeaeer  is  to  lessen  tbi-  Bpark  when  the  (irimaiy  cir- 
enit  is  made  or  broken  and  to  iDcreoee  tli«  forc«  of  the  diecharge  o( 
thu  secondar;  coih 

{r.)  For  an  ordinary  Ruhmkorff's  coil,  one  lo  three  Bunsen  or 
potassim  di-chromate  elementB  will  suffice. 

(if.)  Most  induction  coiln  ire  provided  with  a  commutator,  for  the 
pnrpoBe  of  changing'  the  direction  of  the  current  through  the  primary 
coil  and,  canseqaently,  the  direction  of  the  currents  induced  in  Um 
secondary  coil.  One  form  of  the  commutator  Is  shown  at  the  right 
hand  ead  n(  Fig,  237.     It  is  not  an  essential  part  of  the  inetrument. 

Experiment  t04. — I>i't  the  meiuhera  of  the  cIbbs  join  bare  bands. 
Let  the  pupil  at  one  end  of  the  line  place  a  finger  on  one  of  tha 
binding  posts  or  electrodes  of  the  seondarj  coil  of  a  »maU  indiictiwi 
coil.  Then  let  the  pupil  at  the  other  irnd  of  Ihe  line,  momeniarilf 
touch  the  other  electrode.  Each  person  in  the  line  will  foel  > 
"  shock,"  The  experiment  ehould  nut  be  tried  with  a  powerfal  cinl, 
as  the  spssraodlc,  muscular  contractions  thus  produced  are nomeUmes 
painful  and  permanently  iujurious. 

460.  impark  from  the  Iiidnction  CoiL — ^If  the 

ends  o£  the  secondary  coil  be  co  mice  ted,  opposite  currenti 
alternately  traverse  the  connecting  wire.  When  the  enda 
are  disconnected,  the  inverse  current  cannot  overcome  the 

IreaistancB  of  the  intervening  air  becanse  of  its  low  electro- 
motive power  {§  458,  a).  The  direct  rurreni,  proiiuz-fd 
by  breaking  the  primnry  circuit,  is  alone  able  to 
forea  its  way  in  the  fomv  of  a  spark.  The  sparla 
vary  with  the  power  of  the  instrument. 
■ 


(a.)  Mr.  SjHittiBwoode,  of  London,  has  made  an  induction  wAl,  Utf 
SBCondarv  coil  ol  which  contains  380  miles  of  wire  wound  in  StOjnO 
Thia  magDiSceot  InHltBUieiit  \i»a  ft  TeaXs^KBte.  of  more  thn 


DUCE 


1,000  oliine,  am),  wben  worked  with  a  battery  of  30  Grove  cella, 
Ida  a  spark  43^  inclieB  long, — a  result  greiiter  tliau  that  obtainable 
ifrora  any  eliii-tric  macliiae.  The  induciiou  coil  may  be  vend  to  pro- 
duce any  of  the  effects  of  fricUoual  electricity,  It  Iseing  at  the  same 
time  nearly  free  from  the  liniitations  that  atmospheric  mrHBtnre 
places  npun  ordinary  electric  niBcliineB, 

{b.)  For  many  instrnctlve  and  beautiful  experlmentB  with  this  in- 
Btrament  nnd  other  infannatiou  relating  thereto,  see  tile  little  book, 
"  Induction  cials; — How  made  and  how  used,"  pahliahed  by  D.  Van 
Nostrand,  New  York  ;  Price,  50  cents, 

461.  Ciirreuts  Induced  by  Change  of  Dis- 
tance.— If  the  primary  eoil  be  made  movable,  aa  shown 
in  Fig,  233,  and,  with  a  current  passing  through  it.  be 
suddenly  placed  within  the  sec- 
ondary eoil,  the  galvanometer 
will  show  that  an  inverse  current 
is  indaced  in  the  onter  coil. 
When  the  needle  has  come  Ui 
rest,  let  the  primary  coil  be  re- 
moved and  the  galvanometer 
will  show  that  a  direct  current 
is  induced.  From  this  we  see 
that  when,  the  prijnary  coil, 
heaHng  a  current,  is  brought 
ttear  or  thrust  into  the  sec- 
ondary coU;  an  inverse  cur- 
rent is  induced  in  the  latter  ; 
that  ufhen  the  coUs  are  sep- 
aratetf.,  a   direct   current   is 

induced  in  the  secondary  coil ;  that  the  induced 
cu,rrent3  fl^orv  whiJ,e  a  change  of  distance  is  varying 
the  inductive  effect  of  the  primary  current.  Be- 
moving  the  primary  eoil  to  an  infinite  distance  is  equiva- 
lat  to  breaking  its  circuit,  as  in  §  457. 


I 
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463.   Ma^ieto-EIectric  CurrentB.  —  We  haw 

already  uoticed  tliat  there  is  an  ijitimate  relation  betweeu 
electric  and  magnetic  action.  We  have  seen  that  au  eleo- 
tric  carrent  may  develop  magnetism.  Faraday  foand  that 
electricity  may  be  developed  by  magnets;  the  rsBalta  of  this 
diacovery  have  already  become  of  incalculable  commercial 
importance.     If,  instead  of  the  primary  coil  bearing  the 


.  inducing  eavrent,  a  bar  magnet  be  used,  as  Hhowii  in  Fig 
340,  the  effects  produced  will  be  like  those  stated  in  the 
last  paragraph.  When  tibe  jn,agneii  is  ifi.ru.st  into  the 
interior  of  the  coil,  an  induced  current  iviU  JtaoF 
while  the  motion  of  ifte  magnet  continues.  When 
the  magnet  beoom.es  stationary,  the  current  ceases  to 
flow  and  the  needle  of  t7he  galvanometer  graduaUy 
'  comes  to  rest.  When,  the  magnet  is  u4thdrn.wn.,  m 
L  ixditced  current  flows  in  the  opposite  directum 
pr  course,  it  makes  no  fiiffertftce  ■«\ie\\v«  tiafe  m,a^iet  1* 
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ived  toward  the  coil  or  the  coil  be  moved  toward  the 
The  more  rapid  the  motion,  the  greater  will  be 
the  electromotive  force  of  the  ioduccil  cuiTcnts. 


463.  The  Inductive  Action  of  a  Temporary 
Magnet. — If  within  the  coil,  a  soft  iron  bar  (or  still 

better,  a  biiadle  of  straight,  aoft,  iron  wires)  be  placed, 
us  showu  iu  Fig.  241,  the  induced  current  may  be  more 


effectively  produced  by  bringing  one  end  of  a  permanent 
magnet  near  the  end  of  the  soft  iron.  In  this  caae,  the 
induced  currents  are  due  to  the  varying  nmguetiam  of  the 
Boft  iron,  this  magnetism  being  due,  in  turn,  to  the  in- 
dactive  influence  of  the  permanent  magnet.  Thus  we 
see  that  when-  ike  intensity  of  the  magnetism  of  a 
bar  of  iron  or  steel  is  increased  or  diminished, 
currents  are  induced  in  th-e  n-eighbnring  coil. 
Similar  effecta  may  be  produced  by  moving  one  pole  of 
^ut  otagiiot  across  the  face  'if  the  coil  from  eutX  ^  ei^'V' 


464.  The  Wlieel  Ai-inatnrp.— Tmflgiu^  t 

ron  bar  in  the  helix  of  Fig.  iil  to  be  grooveil  and  seTeral 

'  time§  iia  long  as  the  helix  tlirnngh  which  it  passes.     luu^- 

ine  the  ends  of  this  bar  to  be  brought  together  a)  aa  In 

form   a   complete   iron 

©riug  oarrying  one  faelii. 
If  the  number  of  helices 
upon  the  ring  be  in- 
creased to  twelve  we 
shall  have  the  whwl 
armature,  shown,  in  so 
unfloished  condition,  ia 
Fig.  243.  If  the  pah 
of  a  magnet  be  passed 
iimuiid  the  face  of  thia 
wheel,  it  will  pass  twelve 
coils  of  wire  and  induce 
a  cuiTent  of  electricity  as  it  approaches  each  coil  ftud  au 
opposite  current  as  it  leaves  each  coil,  thus  indncin^ 
twenty-four  currents  for  each  revolution.  Of  couTBe,  it 
makes  no  difference  whether  the  magnet  be  permanent  or 
temporary,  whether  the  pole  of  the  magnet  moves  hy  thr 
coil  nr  the  coil  passes  hy  the  pole  of  the  magnet.  Then,  if 
the  magnet  be  fixed  and  the  wheel  turn  upon  its  aiia  in 
Bucli  a  way  aa  to  carry  its  coils  across  the  end  of  ths 
magnet,  we  shall  be  iudncing  twenty-four  oiirrenta  of 
electricity  fur  each  revolution  of  the  wheel.  This  is,  what 
happens  in  the  operation  of  a  dynamo-electric  macbioe. 
When  a  closed  circuit  condviCtor  moves  in  a  ina§- 
neti-c  field  bo  n>a  to  cut  across  the-  lines  of  ma^netif 
force  (§  433),  an  induced  crirrent  of  el^eotriciity  fime* 
rough  the  cofifluctor  in.  oii.t>  (l.i.re«ttojk 
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eonductor  is  approaching  the-  point  of  greatest 
magnetic  Intensitij  and  in  the  opposite  direction 
while  the  conductor  is  moving  away  from  such 
point  of  majciinitm,  intensity.  The  varying  magnetic 
inteneity  of  the  iron  core  ot  each  moving  coil  increases 
this  effect  as  explained  in  §  iiiS.  Of  course,  tlie  number 
of  coils  on  the  armature  may  be  more  or  less  thaa  twelve, 
or  the  armature  may  be  of  a  form  almost  wholly  different 
from  that  just  described,  but,  in  every  case,  the  principle 
of  its  action  is  as  above  stated.  The  dynamo  represented 
in  Fig.  243  has  only  eight  armature  helices  and  diametr 
ally  opposite  coils  are  joined  so  as  to  form  four  pairs. 


Dyiiaino-Electrlc    Machines.  —  In    the 

Brnsh  dynamo-electric  machine,  reprcseiite<l  in  Fig.  343,  a 
shaft  runs  through  the  mtichine  from  end  to  end.  carryins; 
a  pulley,  P.  at  one  end,  a  commutator,  c,  at  the  other, 
and  a  wheel  armature,  E,  at  the  middle,  The  armature, 
fif,{^nee  ui^bt  or  more  lielices  o(  iaau^Sitt)^ ttSxt,  H  Vt 
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[  As  the  shaft  is  turned  by  the  belt  acting  upon  P,  R  and 
c  are  turned  with  it.     As  R  tatas  around,  it  carries  the 
I  eight  coils,  H  H,  rapidly  aiToss  the  poles  of  the  fonr 
'  powerful  field  magnets,  M  M. 

As  &ach  coil  passes  each  pole,  it  neeesBarUy  tror 
verses  tlte  Tnagtieti'C  field  and  cuts  across  the  linet 
of  magnetic  force ;  eonseqttently,  currents  are  w- 
duced  ith  the  coil.  These  currents  are  carried  on  ion- 
lated  wires  to  the  coinmutator  rings,  o  c,  where  they  an 
united  in  such  a  way  as  ail  to  flow  in  the  same  direOti(m, 
foi;niing  a  continuous  current.  The  electricity  is  Ukeo 
from  the  revolting  commutator,  c  t-,  by  the  four  ot  more 
fixed,  copper  plates,  i  i,  tt'chnicully  etilled  "brushea,"  then 
carried  down  the  flexible  cojiper  strips,  s  s,  then  passed 
through  the  insulated  wu-e  of  the  electro-magnets,  M  M, 
and,  liiiaJly,  to  the  +  binding  post.  Thence  the  cnrrent 
passes  by  a  wire  to  the  cxteroal  circuit,  e.  $.,  to  an  uc 
lamp  (Fig.  340)  and  from  this  to  a  second  lamp,  and  so  on 
through  all  of  the  liiinps  of  the  circuit  and  from  the  lart 
lamp  back  to  the  —  binding  post  of  the  dyuiuno-eleotiriD 
machine,  thus  making  the  circuit  complete.  Sixty  w 
more  arc  lamps  in  series  may  be  worked  by  one  of  thesfl 
machines.  No  part  of  the  circuit  of  a  dynamo  should 
have  an  earth  connectiou.  The  complete  circuit  (except 
through  the  lamp  carbons)  should  be  of  carefully  insu- 
lated wire. 

Dynamo-electric  machines  are  being  rapidly  introdncoil 

for  purposes  of  electric  lighting,  elet^tro-plating,   moljvf 

power,  telegraphy,  eli:    They  are  made  in  various  fonns, 

■  but  the  principle  underlying  the  action  of  thorn  ull  ib  the 

[  same  OS  that  stated  in  the  l»st  paragraph.     Al^'Sr  maetrr- 

I  iag  the  action  of  gne  dyna.mw-eXftc.l'e^c  i^t^m  ^J 


wiC  livVG  littrlo  trouble  in  ituderstaDding  Llic  uctlon  of  ai 
other  that  he  may  have  u  chiuicG  to  examine. 
electric  machines  are  often  (Milled  "dynamoB."    A  small, 
liaod  power  dynamo,  suitable  for  school  use,  may  be  had 
for  *30  or  mofo. 


(a.)  In  cases  vrhent  a  high  E.  M.  F.  is  needed  (bh  in  arc  electric 
lighting),  the  annatciw  heiicea  are  wound  with  many  turns  of  wire 
wUch  gived  a  liigh  Internal  resistaoce.  Compare  g  399.  When  a 
Bmaller  E.  M.  P.  is  wanted  (as  in  direct,  incandescence  electric  llghi- 
ing  or  in  elpctro-plattnj;),  fewer  tivrns  of  wire  of  greater  diameter 
are  nned.  This  reduces  tUe  interna!  redstance  of  the  dynamo. 
Compare  §  400.  The  E.  M.  F.  will  vary  with  the  strength  of  the 
magnetic  Geld  and  the  spent  at  which  the  armature  is  revolved. 
Thus,  B  given  dynami)  may  he  run  sliinly  for  a.  few  lunpH  and  at  a 
higher  epctid  for  a  greater  nuiDlicr  of  lamps.  In  practice,  however, 
speiaal  automatjo  devices  aia  gpjierally  provided  for  adapting  the 
E.  M.  F.  to  the  varying  reaistant'TS  of  the  external  circoii  without 
changing  the  speed  of  the  dynamo. 

(6.)  If  permanent  magnots  are  used  instead  of  electro-magnets, 
the  nuuihine  is  called  a  laagneto-tlensrie  instead  u(  a  dynamo- electric 
nutchine.  Small  magnetos  (armatureB  wound  with  long,  thin  wires) 
are  much  used  fur  electro-medical  parposea.  The  patient  holds  two 
metalllo  handles  connected  with  tho  terminals  o(  the  instrument 
and   receives  a  nipid  succeEsion  of   sliocka  when  the  amiBturti  is 

(c.)  If.  instend  of  expending  mechanical  energy  to  turn  tlie  shaft 
of  the  dynamo  and  thus  produce  an  electric  current,  wo  pass  a  strong 
cnrrent  of  electricity  through  the  dynamo,  the  shaft  of  the  dynamo 
will  bo  turned  In  the  opposite  direction  and  may  be  made  to  drive 
ordinary  machinery  as  an  deHric  motor.  In  the  former  case,  we 
convert  mechanical  energy  into  electric  energy  ;  in  the  latter  wa^J 
W8  convert  electric  energy  Into  mechanical  energy  (§  473).  jH 

H|06.  Incandescence  Electric  Lamps. — Whan 

^Hodactor  of  high  resistance  is  lieateil  to  incandeacenofB 
i^Bie  pa.'Wage  of  n  current,  we  Imve  an  illustration  of  tb^| 
fandameulal  principle  of  incandescence  electric  lighliH 
^ig,    Hq  prevent  the  taaioa  u£  tbo  ooMiMtoi,  ^  cax\iH 
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ment,  about  the  size  of  a  horae-hair,  is  nsod— MrbeB 
r  having  been  melted.  To  prevent  the  combustioti  ot 
the  carbon  filament,  it  is  eDclosad 
in  a,  glass  globe  contaiaing  cdthei 
D  high  vacuum  or  only  eome  inert 
gas,  incapable  of  acting  chemto- 
ally  upon  tlie  carbon  at  even  the 
high  temperature  to  which  it  a 
to  be  Bubjectfld.  The  ends  of  the 
carbon  are  connected  with  plat- 
inum wires  that  are  fnse 
aud  passed  through  the  glai 


(a.)  The  filament  is  c 
(ilSerent  wajs  Biid  given  i 
slinpea  ty  diffbnml  inventorB.  Tbe 
Edison  carbon  Ib  mode  of  bamboo  Sbre 
and  b  in  tha  ahape  of  an  ordinary  luur 
])in.  Tbe  Swan  carbon  is  made  of 
parcbmentiaed  cotton  thread.  Fig, 
244  rejireBenta  the  Swan  incandeaceoee 
Inmp  and  iahalf  the  actnal  siseof  tbe 
standard  sixteen  candle  power  lamp. 
Incandescence  lamps  are  general];! 
0[)era1ed  abreast,  us  shown  in  Fig.  S45. 
bein^  placed,  aa  it  were.  In  litllii 
I  bridgea  of  wire  connecting  the  two  condnctor  "  nialne."  Thiu,  th 
I  rttutnnfn  o/t/ie  circuit  u  reduced  by  the  tueceMive  addition  t(f  lampt' 
(b.)  The  redatance  of  carbon  is 
lowered  by  heating  the  conductor. 
The  "  hot "  rcaiatance  of  an  incan' 
deacence  lamp  is  about  f  ita  "cold" 


-jmv^ 


FiG.  a45. 


17.  The  Voltaic  Arc— 

ip'^f  brilliant  luminous  effect  of  current  electr 
la  thji  electric  lamp.     This  lamp  congiata  essentidlfy 
z  tbe  actioid  bars  of  hard  ctnXiQTi,  genctalLV^  ■ic^^t  'xMg^. 
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bnent  78),  placed  end  to  end  in  tiie  circuit  of  a 
b1  current.    If  the  ends  of  the  carbons  be  separated 

distance  while 
Vent  ia  pasEing, 
fbon  points  be- 
aten sely  heated 
current   will 
interrupted 
When,  the 
are     thus 
ted,  their  tips 
aith  a   hrill- 
uthieh     ex- 
0hat  of  any 
tight    under 
control, 
me  iempera- 
f  the   inter- 
f    are    is    un- 
led      by      anij 
source  of  tir- 
J.  hent. 

mediiuii^inj 
in  the  upper 
rFig.2i6,islbr 
arpose  of  aiito- 
illy  separatiug  the  carbona  nod  "freding"  them 
they  are  bui-ned  away  at  their  tips  and  for  the 
!e  of  cntting  the  lamp  out  of  the  circuit  in  case  of 
regohirity  or  accident.  Such  himps  of  from  one  to 
ousand  candle  power  and  requiring  an  expenditm 
una,  ot  about  one-lioree  power  per  \8.m\  s 


)w  quite  common.     I^mpa  of  a  hundred  thousand  con- 

p  power  ha^e  beeu  made.    The  current  may  be  furnished 

[by  a  battery  of  forty  or  more  Grove's  cells  but,  for  eeo- 

momical  reasons,  it  is  almost  univereaUy  supplied  by  a  dv- 

aiao-electric  machine. 

(d.)  It  is  necesBBrj  to  liring  the  carbonH  into  cants'^  lo  Htart  t1i> 

I  flght.     The  tlpa  of  the  carbnne  hecime  ioteDselj  heated  iin  acconnl 

'   of  their  small  area  of  cociinct  and  ttie  consequent  high  it^Btaucc  it 

that  point.    The  carbon  (and  its  usual  copper  coating)  li^iuB  to 

volatilize.     When  the  carbons  are  Bepanited,  the  current  ie  kept  Dp 

^7  this  intervening  layer  of  vapor  and  the   accompanying  disin- 

legrated  mnttrr,  which  act  as  a  conductor.     Arc  lamps  Hi%  geDetally 

operated  in  series,  so  that  tin: 


I 


urrent     passes 

liroiigh  nU  the  lamps  on  tlie 
ircult.  T/ie  rrtUlanee  of  tht 
ircuit  ii  thuii  inertated  bg  tlu 
Hr-MMiM  aildltioa  <^lampi. 
(b.)  The  oonstitutjoii  of  tlie 
oltaic  arc  may  be  studied  lij 
rojecling  its  image  on  a  screen 
.itli  a  lens.     TbrBB  parts  will 

I.  Tbe  dssKling  white,  con- 
cave eltremity  of  thu 
positive  carbon. 

•i.  Tlie  1e^  brilliant  and  mote 
pointed  tip  of  the  negt- 

'i.  The  globe  shaped  and  beaa- 

ti  fully    colored    aoieale 

BUTTounding  the  whole. 

(c. )  There  Is  a  transfer  of  mat- 

[T  ncrose  the  ajc  in  the  diiee 

ion  of  the  cuir?nt,  the  podtiv? 

iirlioii  wasting  away  more  than 

Fiu.  247.  twice  as  rapidly  as  the  negative. 

Most  of  the  light  of  the  lamp  is 

isled  from  tin-  crater  ut  tlie  end  of  the  positive  carbon.     If  iho 

be  too  short,  raany  of  these  laya  will  bo  intercepted  by  the  nega- 

(^Bej»Ji^  the  lower)  g«boii.^^\ia\w»smiia'*»'**in>iai<*  (ta. 
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lamp.     If  the  are  became  too  trmg,  it  will  "flaiuB"  and  much  i 
the  light  thns  be  lost.     If  the  electrodes  he  horiaonlal,  the  are 
be  curved  ii|jwficd  hy  oscending  air  ciirrenls.     Arc  lamps  are 
largely  nsed  for  Ughting  streets,  factoriee,  Btores,  etc.,  many  t 
sands  hftviog  been  sold  in  every  quarter  of  the  globe  (§  000). 


468.  The  Telephonic  Current. — An  electric  cur-B 
rent  mjiy  be  induced  iu  it  coil  of  insulated  wire  eurrfiii!id-J 
ing  a  bar  magnet  by  the 
approacb  and  withdrawal 
of  a  disc  of  soft  iron.  The 
aiac,  a  (Fig.  348), 
netized  by  the  inductive 
InflueBce  of  the  magnet,  m, 
[§  435).  The  disc,  thus  tnagneti/ed,  reacts  upon  thj 
magnet,  m,  and  chauges  the  distribution  of  magnetisn 
therein.  By  varying  the  distance  between  a  and  i 
aaccessive  changes  in  the  distribution  of  the  niagnetism  of 
m  induce  to-and-fro  currents  in  the  surroundiug  coil 
(§  463),  When  a  approaches  m,  it  current  flows  in  one 
direction;  when  it  recedes,  the  current  flows  in  the  oppo- 
site direotiou. 


469.  TIio  Telephonic  ('ircuit. — If  the  wire  sur- 
rounding the  magnet  mentioned  in  the  laat  paragraph  he 
jontinoed  to  a  distance  and  then  wound  around  a  second 
bar  magnet,  as  shown  in  Fig.  349,  the  currents  induced  at 
if  would  affect  the  magnetism  of  the  bar  at  M'  or  tlio 
tensity  of  its  attraction  for  the  neighboring  disc,  a'. 
vibratory  motion  in  Ibe  disc,  «,  would  induce  electric' 
currents  at  M\  these  currents,  when  transmitted  to  M', 
perhaps  several  miles  distant,  would  affect  tlie  magnetism 
pf  tbe  bar  tliei"?  »wd  tend  to  produce  exact\^  aVrnWai  'i'CQWr 


at 


348 
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tions  in  a\     ^^It  is  as  if  the  close  approach  and  qaick 
oscillation  of  the  piece  of  sofb  iron  fretted  or  tantalized 


■  JMaF  WjOTL 


Fig.  249. 

the  magnet  and  sent  a  series  of  electrical  shudders  through 
the  iron  nerve/'  When  the  current  generated  at  M  iBows 
in  such  a  direction  as  to  reinforce  the  magnet  at  M\  the 
latter  attracts  a'  more  strongly  than  it  did  before.  When 
the  current  flows  in  the  opposite  direction,  it  weakens  the 
magnetism  of  M\  which  then  attracts  a'  less.  The  disc, 
therefore,  flies  back.  Thus,  the  vibrations  of  a'  are  like 
those  of  a, 

{a.)  We  have  here  the  principle  of  the  telephone,  so  fiir  as  electric 
action  is  involved-  Further  consideration  of  this  instrument  must 
be  deferred  -until  we  have  learned  more  concerning  sound.  (See 
8  505.) 


^^^^^^B  ELECTSlCirr.  ^^^^^^^^ 

^H  1.  A  dynamo  is  feeding  Id  arc  lamps,  the  average  reeiBtancs  ot 
^^Kach  of  which  is  466  ohms.  The  iotemal  reeistance  or  the  dynamo 
B  (ri,e.,  of  the  wire  condactora  of  the  armature  and  field  magnetB)  ii 

10.55  olimH.     What  current  dneH  the  dynamo  yiel.i  with  an  E.  M.  F. 

of  838,44  volta?  Aug.  10.04  amperes. 

3.  If  a  wire  about  18  inches  long  be 
attached  to  oDe  elnctrode  ilf  a  potaesium 
dichromete  cell  and  the  other  electrode 
momentarily  touched  with  the  other  end 
of  the  wire,  a  miDute  s])ark  may  be 
noticed  at  the  inatant  of  breaking  the  cir-  p,(;_  2$o. 
cuil.     If  the  wire  be  bent  inlo  a  Bcalari- 

form  or  ladder  like  ahapo  and  the  eiperiTiient  repeated,  the  spark  will 
iie  greater  than  before.  If  the  form  of  the  external  circuit  be  again 
changed  by  winding  the  wire  into  a  spiral  (as  shown  in  Fig.  350),  the 
epark  will  bo  still  greater.  Explain  the  repeated  increase  in  the  spark. 
8.  A  dynamo  is  ran  at  450  revolntinna,  developing  a  current  of 
9.930  amperes.  This  current  deSiictB  the  needle  of  a  tangent  gal- 
sanometer, 60=*.  (See  Appendix  L.)  When  the  speed  of  thedynamo 
is  ButBciently  increased,  the  galvanometer  iihows  a  dsflectlon  of  74°. 
What  is  the  rnrrcnt  developed  at  the  higher  speed  1 

Am.  3(|arapereK. 

4.  The  current  running  through  the  carbon  filament  of  an  incan- 
dnacence  lamp  was  found  to  be  1  ampere.  The  difference  of  poten- 
tial between  the  two  torminals  of  the  lamp  was  found  to  be  80  volts. 
What  was  the  resistance  of  the  lamp ! 

0.  A  yard  of  silver  wire  weighs  7.2  grains  and  lina  a  resistance  of 
0.3  ohm.  What  ia  the  resistance  of  a  foot  of  stiver  wire  that  weighs 
one  grain  ¥  Am.  0.34  oLm. 

6.  If  a  pure  copper  wire  has  a  weight  of  one  grain  and  a  resistance 
of  0.3106  ohms  per  foot  and  a  commercial  copper  wire  has  a  weight 
of  IM  gcaina  and  a  resistance  of  0.647  ohms  per  30  ft.,  what  is  the 
perc*nl*ge  conductivity  of  the  latter  as  compared  with  pure  coppetT 

ATM.  S3.a  percent. 

7.  I  wantto  place,  iu  BerieB,  10  incandeacence  lampa,  each  of  25 
ohms  resistance ;  the  line  wire  is  to  be  300  feet  long  and  must  have 
not  more  than  3  per  cent,  of  the  reMstance  of  the  lamps.  Determine 
^m  the  table  in  Appendix  I  what  size  of  wire  (American  gauge) 
should  be  used.  Ant.  ^0.%%. 
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S.  I  wnnt  U>  place  tbe  same  lamps  abreast.    1'he  twe  wire  Is  tobr 

■  800  feet  loiig  and  have  b  resistance  of  not  more  than  3  per  cent,  tliat 

■  of  the  lompa.     Determiae  from  tlio  table  what  aixe  wire  sliwild  be 
I  psed.  Ana.  No.  4  (B.  it  &) 

9.  What  length  of  No.  0000  pure  copper  wire  (B.  &  S.)  will  have  a 
■reBifllanceofl  oiimt    (See  Appends i  I.)  Ant.   19B07.84ft. 

10.  A  djiiamo  has  an  B.  M.  P.  of  S06  volts  and  &n  internal  (or  in 
terpolar)  reaistaocc  of  1.6  ohms.  Find  the  current  strength  nlieu 
tbe  external  resistance  is  3S.4  ohms.  Ang.  7.ti  amperes. 

11.  A  dynamo  has  an  internal  resiatAnce  of  3.8  ohms.  The  line 
wire  has  a  renistance  of  1.1  ohmE  and  joins  the  dybamo  to  3  arc  lamjH 
in  series,  each  lamp  having  a  resistance  3.13  ohms.     Under  sutdi 

8,  the  dyoamo  develops  a  current  of  14.8  amperes.     Wbnt 
ia  the  E.  M.  F.  t  Am.  1S6.25  volts. 

13.  A  dynamo,  run  at  a  certain  speed,  ^ves  an  E.  M.  F.  of  300 
k  Tolts.     It  has  an  internal  Tesistance  of  U.5  olim.     In  tbe  eilemal 

c  lamps  in  series,  each  having  a  resistBnce  of  S.Sohma. 
I  The  lino  wire  has  a  resistance  of  0.5  ohm.  I  want  a  current  of  just 
I  86  amperes.     Must  I  increase  or  lesseu  the  spued  of  dvnaiuol 

I.  With  an  external  resistance  of  1.14  ohmH,  a  dj^anio  ileveli>[«  ft 
ent  of  81.58  volts  and  30.07  amperes.     What  is  the  internal  re- 
iistance  of  the  dynamo?  Ant.  1.61  ohms. 

14,  Upon  trial,  it  waa  found  that  a  dynamo  that  was  hnnwn  lo 
have  an  intemal  resiatance  of  4.^8  ohms  developed  a  current  of  1S7.S 
volts  and  17.5  amperes.     What  was  the  resistance  of  the  external 

[^  drcnitl       ,  Ant.  4.43  ohina. 

19.  Three  incaodeecence  lamps  having  a  re.9lBtance  of  39.3  ohms 
lieaCh  (when  hot)  were  placed  in  series.     The  toUl  resistance  of  the 

■  otrcnit  outside  of  the  lamps  was  ll.S  ohms.     Tlie  current  meaamcd 
I  1.3  amperus.     What  was  the  B.  M.  F.  t  Ant.  154.93  Totta. 

16.  The  same  lamps  were  placed  in  multiple  arc  with  another 
I  dynamo.  The  line  wire  was  adjusted  so  that  its  rraistance  with  tbo 
f  fotemaJ  resiBtance  of  the  machine  was  11.3  ohms  as  lieforo.  The 
I  eairent  was  1.2  amperes.     What  was  the  E.  M.  F.7 

Artt.  29.16  vciU. 

17.  A  dynamo  suppliea  current  for  two  incandescenca  lamps  in 
BB,  each  having  s  hot  resielantic  of  97  ohms.     The  othwTevst- 

ances  of  the  circuit  amountcKl  to  13  olims.    Tlie  current  in  ttiefiB* 

lamp  was  1  ampere.     Wliat  was  tlie  current  carried  by  tile  cwbon 

filament  of  the  second  lamp  t    What  was  the  E.  M.  P,  1 

^M        18.  The  resistance  of  the  nonnal  arc  of  an  electric  lamp  ia  3,9 

^k  ohms.     The  current  strength  is  10  amperes.     What  is  the  difflbranw 

^Mffpoteotial  If^tveeu  the  cathon  tl^ 


I; 

b 

I- 
I 

I 


19,  The  r<»iHtBDce  of  the  arc  l&mp  above  meotioited,  nh^n  thfl 
c&rbone  are  lield  together,  m  0.63  ohm.  When  it  is  burning  with 
normal  arc  and  a  10  ampere  carient.  whut  is  the  ditference  of  pi 
tial  between  the  termiaalB  of  the  lamp  V  Ana.  44.3  volto.  j 


HONORAET    PROBLEMS. 

20.  Four  arc  lamps,  with  a  resietancn  of  6  obma  each,  are  joined 
in  BerW,  160  feet  a|>art.  The  Grst  lamp  is  1,500  feet  and  the  last 
18  1.350  feet  from  the  dynamo.  The  line  wire  has  a  condnctivitj 
of  911  p4>r  cent,  that  of  pure  copper.  Its  reeistance  mnst  not  exceed 
8  per  cent,  of  that  of  the  lamps.  The  reHiBtance  of  a  foot  oF  pure 
nnpper  wire  1  mil  in  ditkmeter  being  D.94  ohms,  what  must  be  the 
diameter  of  the  line  wire?  Ana.  133  mils  or  0,133  inch. 

Uae  No.  10  wire,  B.  W.  G,  (App.  I). 

21.  Twentj-Gre  aimilar  voltaic  cells  having  an  internal  reaistjiDca 
of  IS  ohmB  each  were  joined  in  Buiiea.  hy  ehnrt  and  stout  copiier 
wires  to  a  70  ohms  incaudeacence  lamp  and  produced  a  current  at 
0.112  ampere.  What  would  be  the  strength  of  the  current  sent  l>y 
B  series  or  80  such  cells  throug'h  a  series  of  2  lamps,  each  of  30  ohms 
resistance  ?  .d  n«.  0. 1 1 8  ampere. 

23.  What  would  have  been  the  strength  of  current  throuph  the 
two  lamps  if  the  area  of  each  of  thet  bnttery  plates  hud  been  doubled, 
alt  thiufiis  else  remaining'  the  t<am<i  1  Ant,  O.SlOfi  ampere. 

3S,  I  join  50  arc  lamps  in  serie^.  E^h  lamp  has  a  reflistance  of 
4.5  ohms.  The  line  wire  connecting'  them  with  the  dynamo  is  S^ 
milBB  long  and  Tta  conductivity  is  BO  per  cent,  that  of  pure  copper. 
One  tenth  of  the  total  enei^  of  tlie  eilernal  circuit  is  lost  in  heat- 
ing this  line  wire.  Whui  is  its  diameter,  it  beinjr  aaeumed  that  1  tool 
of  pure  copper  wire.  1  mil  in  diameter  has  a  resietauce  of  0.B4  ohms. 
Atui.  00  3  mils. 
UaeNo.  11  wire  (B.  &S.) 
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Becapitulation. — To  be  amplified  by  the  pupil  foi 
review. 


iz;  Q 
w  iz; 

O  > 


CLOSING 


BREAKING. 


:J 


PRIMARY  CIRCUIT. 


Primary. 


Secondary, 
rukmkorfp.  j 
.  BxTRA  Current. 


Coilt. 


CHANGE  OF  DISTANCE  OF  PRIMARY  CIRCUIT. 


r  PERMANENT. ' 


MAGNETS. 


Tblbphonbs.  ' 


Current. 
Circuit. 
Magnbto-Elbctric  Machimbs. 


r  Whbbl  Armaturb. 


^TEMPORARY. 


Dynamo-Elbc- 
TRic  Machines,  ' 

USBD   FOR.... 


Electro-PlatiH 

Incandetcence 
Electric  Light 
ing. 

Arc  Electric 
Lighting, 

Charging  Stor- 
age Batteries. 

Motive  Power, 


.  Electric  Motors. 


fECTRIC    CURRENTS    AS    REUTED    TO    HEAT  \ 
AND    MECHANICAL    WORK. 


470.  The  Convertibility  of  Electric  En- 
ergy.— Whenever  an  electric  current  does  work  of  any 
kind,  it  does  it  at  the  expense  of  a  part  of  its  own  energy. 
Anything  that  increases  the  resistance  of  a  circuit,  decreaiseB 
the  strength  of  the  current  (§  386),  But  such  a  diminu- 
tion may  be  caased  by  a  counter  electro  motii^e  force  set  up 
EOTnewhere  in  the  circuit.  The  E.  M.  F.  of  polarization 
is  an  example  of  the  trnth  under  consideration.  When- 
ever a  ciureot  is  used  to  drive  an  electric  motor,  the  action 
of  the  motor  generates  a  hack  current  that  diminishes  the 
current  of  the  battery  or  dynamo.  JU  of  the  current 
that  is  not  expended  in  some  such  way,  in  exter- 
nal work,  is  dissipated  as  h-eat.  The  dissipation  may 
be  in  the  battery  (or  dynamo),  in  the  external  circuit  or 
in  both.  The  heat  will  appear  wherever  there  is  resistance. 
If  the  poles  of  a  hatt«ry  or  dynamo  be  short  circuited,  most 
of  the  heat  will  be  developed  in  the  battery  or  dynamo. 
If  the  external  circuit  be  a  thin  wire  of  high  resistance,  it 
1  grow  hot  while  the  generator  will  remain  compara-  i 
y  cool. 
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471.  Joule's  Law. — Tlio  quantity  of  heat  developed 

in  A  conductor  by  the  passage  of  an  electric  cuireitt^ 
pruportional : — 

(I.)  To  the  reflietance  of  the  conductor. 

(2.)  To  the  Bfjuare  of  the  strength  of  the  ciirrei 

(3.)  To  the  time  the  current  is  flowing, 

A  current  of  one  ampere  flowing  through  aresistanee 
of  one  olim,  developsthercin,)»erBecoud,  a  quantity  of  hot 
which  (nr  it«  mechauieal  equivalent)  is  caMod a  JoiUe,  Itis 
equal  to  n.7373of  afoot-ponndor  to  0.34  of  a  le!»er  calorie 
{§  57£t).    A  lesser  calorie  is,  therefore,  equal  to  4.17  jonlee. 

These  facts  are  concisely  stated  by  the  following  equa- 
tion, Itnown  as  Joule's  Law : — 

H  ^C*Ri  xO.24, 
in  which  //  represents  the  nniober  of  lesser  caloriefi;  O,  Qie 
number  of  amperes;  R,  the  number  of  ohms  anil  f,the 
number  of  seconds.  In  other  words,  a  current  of  one 
ampere  fiotuing  through  a  resistance  of  one  ohm 
develops  therein.  0.S4  of  u  Issser  caZorifi  per  second, 
Foot^-pounda  =C*B.t  x  0.737335. 

{a.)  In  iavesiigatlng  tliio  Bobjeel, 
Joule  used  instriunenlH  on  the  prin- 
ci[)lo  indicftleii  in  Fig.  251,  in  whicb 
a.  tlihi  wire  jinnetl  t«  two  mont  eon- 
dui'tnrs  is  enclosed  within  a  glaa 
vesHel  containing  alcohol,  into  whicb 
a  tlierniometeT  dtpB.  The  fMitf- 
ant«  of  ibe  wire  being  known,  ill 
rekti<in  to  thi:  other  resistiinc£s  d»; 
be  falculntni. 

Experiment  JOS.— ^enil  the  mr- 
rent   from   a   fttw   cpIIs  througli  • 
^"'^  ^^''  chain   made   of   alternate    links  vf 

Wer  and  pluti.naui  wir^e.    The  ^Uxiixam  VviJi^  ^mv  ndviu^i 
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tlie  Bilver  links  remain  comparative];  cool.  The  eiplanBtion  is  thai 
the  specific  rpsiataDce  (Appendix  E.  [2]j  of  platinuai  is  about  six 
ti[u<!a  thul  of  ailver  and  that  lis  specific  heat  is  about  1ial{  as  great ; 
hence  tlio  riae  of  temperature  in  wirea  of  equal  tliicknoas  traversed 
hj  the  game  current  is  aboat  tnelve  IJmea  as  great  for  platinum  as 
for  silver. 


473.   Heating  Wires  by  the  Current. 

reeistancu  of  metals  iiicreasea  with  the  tempeniture.  Coff- 
sequently,  s.  thin  wire  heated  by  the  current  will  redat 
more  and  more  and  grow  hotter  and  hotter  until  it 
losea  heat  by  conduction  and  radiation  into  the  snrronnd- 
ing  air  aa  rapidly  as  heat  is  supplied  by  the  current. 
Thiib  ivires  heat  viuch  more  rapidly  than  thi-ck. 
TJte  rise  of  tejnperature  in,  different  parts  of  a 
taire  of  uniform  material  but  varying  diameter 
(the  current  remaining  the  same)  will  be  in- 
versely proportional  to  the  fourth  poicer  of  the 
diameters. 


eaiat    ^^ 


{n.)  Suppose  a  wire  at  any  point  to  become  reduced  to  k/df  ita 
diameter.  Tbe  pmBB-seclion  will  have  an  area  J  an  great 
thicker  part.  The  reBislance  here  wlli  be  4  timefi  aa  great,  and  tlia 
number  of  heat  nnita  developed  will  be  4  times  as  great  as  in  an 
equal  length  of  the  thicker  wire.  But  4  timeH  the  amount  of  heat 
spent  on  \  the  amount  of  metal  will  warm  It  to  a  degree  10  times  aa 
great  (16  =  3*). 

(6.)  A  thin  platinum  wire,  heated  white-hot  by  a  carreut,  is  some- 
times osBd  in  surgery,  instead  of  a  knifo,  as  it  sears  the  ends  nf  the 
severed  blood  vesseis  and  thiiB  prevents  hemorrhage.  Platinum  ia 
chosen  on  account  of  its  infusibillty,  but  even  platinum  wiri^s  are 
Insed  by  too  Btrong  a  cnrrent.  Carbon  Is  the  only  conductor  that 
reitiate  all  attempts  at  fusiou  (g  4U0). 

(c.)  Sometimes  atoiit  i-ouducting  wires  are  laid  rnini  a  battery  a' 
Bsfe  distance  to  a  fuse  connected  with  a  hlast  of  powder  or  other  m 
plmivc.  In  the  fuse,  ia  a  thin  platinum  win-,  forming  part  of  tJ 
electric  circuit.  The  fuse  is  ignited  by  heating  the  platinnm  h 
by  Bending  the  current  through  it  Such  methods  are  (reque 
jt0ti  ifl  iitB  t>pealio3B  of  botJi  jMMce  aB4  VK- 


i 


I 


I 


856  ELECTRl'ITY  A-Vfl   MOTIVE  POM 

473.  Electric  Motors.— ^n.  eleciric  motor  it  a 
device  for  converting  the  energy  of  an,  electrio  euf' 
rent  into  motive  power  by  tneans  of  electro-magneti. 
niQBtrative  appartitus  of  this  kind  may  be  found  in  maaj 
school  laboratories  or  will  be  glsiCilj  supplied  by  dealen  m 
philosophical  apparatua.  But  the  best  electric  motors  are  the 
now  commoD  dynamo  electric  machineB  or  slight  modifies^ 
tions  thereof.  Such  "electro-magnetic  en^nee"  are  t^ 
idly  coming  into  use  for  operating  sewing  machines  and 
other  light  machinery,  the  current  being  supplied  indirectlj 
by  a  storage  battery  or  directly  by  a  voltaic  battery  or 
dynamo.  Some  "Electric  Light  and  Power  Companies" 
now  nm  such  motors  on  their  arc  light  circuits,  selling 
current  to  some  for  jiower  and  to  others  for  light  In 
many  cases  where  it  is  undesirable  to  use  a  steam  engine, 
an  electric  motor  may  be  made  available.  Such  molon, 
up  to  the  capacity  of  40  H,  P.,  are  now  in  the  markel:, 
Some  of  them  have  been  successfully  and  economicallv 
used  in  propelling  street  railway  ears. 

474.  Electric  Traitsniisslou   of  Power.— A 

water  fall,  perliaps  at  a  point  not  easily  aceeasible,  maybe 
made  to  turn  a  turbine  or  other  water  wheel,  which  shall 
drive  a  dynamo,  which  shall  generate  a  current,  which 
shall  be  carried  by  wire  to  some  available  point  and  there 
converted  into  mechanical  power  again  by  means  of  m 
electric  motor.  Thus,  an  otherwise  waste  water-power 
may  he  made  a  souiTe  of  profit  The  scheme  of  thus  dis- 
tributing |)art  of  the  power  nf  Niagara  over  the  State  oi 
York  hae  been  seriously  considered.  It  may  he  \k» 
sible  (as  a  profitable  commercial  undertaking)  to  bum 
ip  fuel  al  ths  coal  miTie  toi  -oMuiva^  W^  at^fti^ 
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engines  and  thus  deliver  tlie  pfiwsr  to  coupumera  at  great 
.    .  distances. 

^■1.475.  The  Watt. — The  electric  unit  of  power  (rate 
^^H  doing  work)  is  called  &  watt.  A  watt  is  the  amou-nt 
^^n^  power  conveyed  by  a  current  of  one  ampere 
^^^rou£h  a  difference  of  potential  of  one  volt.  It 
^Hpals  (10-1  X  10^  =)  10''  erga  or  -^  horse-power, 

in  which  W  equals  the  number  of  watts;  O,  the  number 
of  amperes  ;  E,  the  number  of  volta  and  H,  the  number 
of  ohms. 

For  example,  if  the  difference  of  potential  (Appendix  M, 
[4  a.])  between  the  terminals  of  an  arc  lamp  that  ia  sup- 
plied with  a  ten  ampere  current  be  45.8  volts,  how  much 
of  the  power  used  io  driving  the  dynamo  is  consumed  in 
the  lamp? 

I  W=C  X  £1=  10  X  45.8  =  458,  the  number  of  watts. 
n£8  -y-  74fi  ^  0.C14,  the  number  of  horse-powers. 

■  {a.}  The  formula  W  ~  C  "  E  in  determined  hj  the  definition  of 
ft  watt     From  Olim'a  law,  we  Bee  that  C=  -~.     Substituting  this 

bna  of  C,  the  formula  becomes  Tr=~  x  E=  — ,bs  above.  This 
^  BR 

B  that  (Ae  poirtr  'caries  la  the  sguare  of  the  E.  M.  F.  wAen  the 
s  constant,  or  that  the  power  variet  inveridy  as  the 
rettatanee  u/iea  the  E.  M.  F.  remains  conitant. 

(ft.)  W=Cx  E.  But  ff  =  Cii.  Substituting  this  value  of  E, 
the  formula  becomes  W=C  x  CR  =  G^R.ts  above.  This  abowH 
that  Hu,  poaer  imie»  a*  the  tguare  of  tht  eurrent  when  the  reiitta/itee 
rematTU  eoutlant  or  that  the  p 
current  retnain*  constant. 
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476.  Relation  of  Conductors  to  E.  M.  F.- 

This  subject  may  be  well  studied  by  means  of  an  example. 
The  energy  of  a  ten  ampere  current  with  an  E.  M.  F.  of 
fifty  volts  is  equal  to  that  of  a  five  ampere  current  with 
an  E.  M.  F.  of  one  hundred  volts. 

Tr=  C  X  ^=  10  X  50  =  100  X  5  =  500. 

These  equivalent  currents  (500  watts  each)^  flowing  through 
similar  wires,  will  develop  widely  different  quantities  of 
heat  If  we  take  any  convenient  wire,  say  one  of  fifteen 
ohms,  the  heat  developed  in  each  case  will  be  as  follows: 

H=C^  xBtx  0.24.    (§  471.) 

10*  X 15  X  0.24=360,  the  number  of  heat  units ^^^  second. 
5«x  15x0.24=  90,  «  "  «  *« 

In  other  words,  the  same  electric  energy  develops  only 
one-fourth  as  much  heat  with  the  current  of  high  electro- 
motive force  as  it  does  with  the  current  of  low  E.  M.  F., 
the  same  wire  being  used.  It  is  easily  evident  that  a  great 
saving  in  the  cost  of  conductors  may  be  made  possible  by 
the  use  of  currents  of  high  E.  M.  F.  (See  §  474.)  But 
such  currents  are  more  dangerous  to  handle  and  require 
careful  insulation  and  special  precautions  to  lessen  the 
risk  of  serious  nruiident 
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EXKUCISES. 

WliM  Bhorter  namn  may  bo  given  for  a  Volt  ampere  1 
Wtat  electrical  horse- puwer  is  rpquired  to  Hend  a  current  of  Ifi 
ea  through  10  arc  lamps  (to  seriei)  Hacb  having  a  realataace  ol 
>liraB?  All*.  8  H,  P. 

Sow  manf  JouloB  will  be  developed  per  minuW  by  n  lOnmpere 
it  in  a  lamp  of  4.43  ohms  reBiBtunPc  ?  ^n*.  38530  joules. 

Bow  many  calociea  will  \m  doveloped  ia  a  40  oUm  incaudeBcence 

by  the  passage  of  a  curreut  of  1.3  umpiirsB  througli  it  for  b 
e?  Ana.  0.83944  calories. 

Find  the  mecbsuical  eqiiivalont  (in  foot-pounds)  of  tbe  work 
ly  a  S  ampere  cnrrent  working  (or  a  miuute  agaiuet  101)  ohms 
iDce?  An».  1 10600J  foot-pounds. 

A.  30,000  watt  dynamo  develops  an  E.  M.  F.  of  8000  volts. 

ia  the  current  strength  ?  Altt.  10  amperes. 

How  lunch  power  ia  required  properly  to  operate  an  arc  lamp 
ins  a  diSerence  of  potential  of  45.3  Tolta  between  its  terminals, 
ing  been  adjusted  for  a  10  ampere  current  P 
The  difference  of  potential  between  the  two  terminalB  of  an 
Lmp  was  found  to  be  87.7  volts.  A  33  ampere  current  was 
ig  through  the  lamp.  What  is  the  power  consumed  in  the 
(  Am.  942.5  watts,  or  l\  H.  P. 

A  certain  Edison  incandescence  lump  lias  a  resietance  of  13S 

(The  dlfierence  of  potential  belWL'en  the  terminala  of  the 
(llOvolls.  («.)  What  ia  the  current  Btrcogth?  (6.)  What 
\t  heat  is  developed  in  the-lainp  pfr  second  ? 
Ana.  (a.)  0.88  ampere :  (b.)  33.33  leaser  caloriea. 
A  Grove  cell  has  an  E,  M.  F.  of  1.0  volts  and  a  re^atance  of 
im.  lis  plates  arc  joinBd,  first,  by  a  3  ohma  wire ;  aecoad,  by 
hmswire.  (n.)  What  ia  the  current  in  each  case!  (6.)  What 
is  developi  ' 
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Am.  ab.)  .135  joules 
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Recapitulation. — To  be  amplified  by  the  papil  foi 
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Eetiew  Questions  and  Exbbcisbs, 

I.  (a.)  Give  the  Ibwb  for  preBsuru  of  liquids  fluri  (6.)  expliii. 
iyy  some  fact  or  experiment. 

3.  (a.)   What  is  a  natural  magnet?     (b.)   Au  urtificial  m 
[e.)  How  does  a  magnet  behave  toward  soft  iron?    (rf.)  How  d 
me  magnet  behave  toward  another  taagiusi ! 

3.  Give  the  facta  >□  ri^ji^ant  to  the  variatiOQ  oF  tliD  magnetic  di 

4.  (o.)  What  are  conductors  in  electricity?    (h.)  In  what  ways  in 
electrical  Bei>aratioii  be  effected? 

6,  (ii.)  What  conditions  in  the 
aing-rndsaro  necessaiy  to  Insnre  safety  from  lightning? 
ihe  elements  of  a  simple  voltaic  cell  and  {e.}  the  electric  condition  a 
Lhose  elementH  within  and  without  the  liquid. 

8.  (a.)  A  body  weighs'  at  the  surface  of  the  earth  1014  lb. : 
trould  it  weigh  1300  miles  alwvethesurfare?    (ft,)  Give  the  veloc 
sf  water  iBBuiog-  from  un  oiificB,  under  a  head  of  81  tc«t.    (r. 
IDArta  of  wBt«>T  weigh  as  much  as  7  of  Htciihol,  whst  is  the  s 
jnvity  of  the  alcohol  ? 

T.  Find  the  kinetic  energy  of  a  25  lb.  ball  that  has  fallen  8000  k 
kvucuo.  .!«.(.  90,000  foot-pounda.    1 

B,  Dive  the  fundamentBl  principle  of  Mpchnnira  and  illuatmie  11 
application  by  one  of  the  mechaninil  powers. 

fl.  (a.)  Over  how  high  a  ridge  can  you  continuously  rarry  water 
in  a  siphon,  where  the  minimum  range  of  the  barometer  is  27  Inchea  ! 
9.)  Explain. 

10.  (o,)  What  U  specific  eravity?  (6.)  How  do  you  And  that  of 
wKds?    (b.)  What  principle  is  inrolvedin  your  method? 

II.  (n.)  How  much  water  per  hour  will  be  delivered  from  an 
Mfi«e  of  S  inches  area,  2S  feet  below  the  surface  of  a  tank  kept  full 
•f  water,  not  allowing  for  resistance?  (6.)  Give  the  law  of  magnetic 
tUractiun  and  repulsion.  Ana.  14.S!)8.44  gal. 

18.  (a. )  St«te  what  yi>u  have  been  taught  concerning  the  dipping 
teedle.     Ifi.)  Define  and  illuBtraie  magnetic  Induction. 

18.  (a.)  QIvo  thelawofolactricattrBfltion  and  repiilsion  andilluB- 
WUe  by  the  pith-ball  electrosrone.     (ft.)  Define  conductors  ai 
onduolorH,  (■leotricB  nnd  non-clectricH.    M  Illnatrate  byaneiaropta  J 
*Meh. 

14.  la.)  Eipluiii  (by  tiguresi  electric  induction,     (ft, I  Eiplah 
9»«rg1ng  of  a  l.oydan  jar.     (c.)  WTim  charged,  what  is  the  elec 
KnditioQ  of  the  outside  and  inside  of  the  j&iY 


15,  (a.)  Give  the  sonrcea  o(  utnoaplinrii?  electriftitj-  and  (ft.'i  lir 
effects  of  llglitnltiif. 

le.  (n.)  Wlist  is   the  ethct  of  breaking  a  magliet?    ib.)  Givt  i     , 

of  magnetisni  that  is  competent  to  oeroimt  for  the  pnipwrUe 
ma^etB,  hrokea  or  unbroken. 

17.  [a.)  How  do  soft  iron  and  tempered  steel  differ  us  to  iiu»|> 
Hbillty  to  magnetlBm  f  (b.)  Describe  one  method  of  mHgiietiriD|l 
steel  bar,  '| 

18.  The  ioflaencn  of  the  eart.h's  inagnetiam  upon  a  magDMie  j 
needle  is  merely  directive,  (a.)  Explain  ivbat  this  meana.  (t.)  , 
"low  why  it  is  so. 

19.  («,)  What   is   tiieant  by  elpctromollTe  tercel     (6.)   De«ril» 
rove's  hBttory  and  its  mode  of  action,     (c.)  Why  we  battoryrino 

generally  amalgamated? 

SO.  (a.)  Descrilie  Oersted's  apparatus  and  (b.)    tell   what  ita  uifl 
teaches,     (e.)   Deaoiibe  the  conalraetion  of   the  astatio  galvanam- 
ter, 

21.  {a,)  Describe  an  electro-magnet  and  Ip.)  tell  what  its  adna 
tages  are.     (e.)  State  the  principle  of  the  electric  telegraph. 

(a.)  Describe  a  RalimkorfTs  coil  and  (b.)  explaio  its  action. 
(«,)  Define  electrolysis  and  electrolyte.     (6.)  Deecrihe  (be  d«- 
trolyaiB  of  water,    (r.)  Give  a  oleor  accomit  of  some  branch  at  eltt 
tro-metallargy.    (rf.)  What  is  mcrant  hy  ilie  torma  rtettro-pimtiM  tM 
eleetro-ntgatke .' 

(«.)  Define  physics.  |6.)  Name  and  deine  the  three  conditiona 
of  matter,  (e.)  What  do  you  understand  by  energy  t  (d.)  Ezptiit  i 
what  is  meant  hy  foot-pound. 

,)  What  condiuon  of  the  atmosphere  is  desirable  tor  expert' 
II  frictlonal  electricity?  {h.)  Why?  le.)  How  eould  jm 
diow,  experimentally,  that  there  are  two  opposite  kinds  «if  •)(* 
tricltyt 

(a.)  Describe  the  experiment  with  Faraday's  bag  anil  (ft,)8lilt 
what  it  teacbea.     (f.)  Describe  the  dielectric  laaeliine  and  (rf.)  «■ 

37.  In  an  air-pump,  the  capacity  of  the  cylinder  is  nne-fburtli  Ail 
of  the  receiver  Under  ordinary  atmospheric  conditions,  they  U- 
gether  contain  82  grains  of  ajr.  Find  the  caparaty  (n.)  of  ttiA  It- 
(6.1  of  the  cylinder.  After,')  atrokei  of  the  piston,  (i-.J  hw 
lany  graioe  of  air  would  he  left  in  the  reoelver  ?  What  would  ^ 
(d.)  in  pounds  per  BijuB  re  inch?  I-".)  In  J^,  per  ag.  BTitif 
:)  In  inches  of  mercury?  Ans.  {«.)  827,89  tf.     j 

_^  (posing  we  hud  two  Leyden  Jars,  one  chaigetl  on  tli*  ■ 

tvith  potdtive  elodTtdtj  uiA.  &«  lA^iei  -k^aM.  tte^Ure  u 


tlTe  UtL^^ 


Inside :  the  two  jaTs  being  lnHaliited,  c&n  the  jaro  be  f  ollf  discharged 
I17  coDDectlng  the  inuer  cuats  ?    (A.)  Qive  reauuiia  for  your  asewer. 

28.  In  a  veaeel  huviog  Uie  dimcDsionH  of  a  cubic  foot,  aulphurio 
add  (sp.  gr.  =:  1,83)  standa  eight  itiubes  high  ;  give  the  pressure  ou 
the  bottom  aiid  osch  iide. 

30.  The  lever  of  a  hjdroatatic  [iresB  is  six  feet  long,  the  fuiernm 
Iwing  at  tlie  end  and  ono  foot  from  thu  piston  rod.  The  diameter  o( 
the  luba  is  one  inch ;  that  fif  the?  oyliader,  ten  inclies.  The  power  is 
flB  lb.  ;  give  the  efft-ct.     (See  Appetidix  A.) 

31.  Find  the  joint  resistance  of  threa  conductors  of  10,  13  and  18 
ohme  arranged  in  multiple  arc.  Aru.  4.18  ohms. 

82.  (1.)  Define  equilibrium  and  its  liinds.  (b.)  dive  examples, 
(fl.)  How  does  tlie  centre  of  graviij  of  any  system,  acted  upon  by 
an  exterior  force,  move  ?    id.)  Give  an  oxumple. 

33.  (a.)  Figure  a  umple  barometer,  (b.)  Explain  why  the  mer- 
cury stands  above  its  level,  (e.)  What  atmospheric  pressure  wiU 
sustain  a  column  of  mercury  24  inches  higlil 

84.  (a, I  How  is  it  proved  that  air  has  weight  t  (b.)  What  is  the 
weight  of  air  in  a  room  30  feet  long,  30  I'eel  wide  and  10  feet  high. 

S5.  When  a  1000  gram  flask,  coutoining  TOO  g.  of  water,  was  filled 
with  tlie  fragments  of  a  mineral,  it  weighed  1460  ff.  Give,  the 
specific  gravity  of  the  niineral.  Aii».  3,0. 

36.  A  tan1(  measuring  1  meter  each  way  is  filled  with  water : 
nliat  will  be  the  pressure  on  the  bottom  and  sides  ! 

87.  1,0.)  What  ia  meant  by  kinetic  energy!  {b.)  By  potential 
snergj-  ? 

38.  Two  inelastic  bodies  are  moving  in  opposite  directions,  one 
weighing  31  grams  and  having  a  velocity  of  31  meters  per  second, 
the  otlier  weighing  22  grams  and  liBving  a  velocity  of  18  meters 
i  the  nnited  energy  (a.)  befote   and   (6.1  ailer 

Am.  [a.)  1,27;  (6,)  O.llli  kilogrommeters. 
same  bodies  as  moving  in  the  same  direction, 
lergy  [a.)  before  and  {b  )  after  impact ! 

40.  (a.)  Draw  a  simjile  figure  showing  the  essential  parts  of  an 
Bir-pnmp  and  (£r.)  explain  the  proceea  of  forming  a  vacuum,  it.)  If 
the  copai-iiy  of  the  barrel  be  ^  that  of  the  recf^iver,  how  much  air 
will  femaln  in  the  receiver  at  the  end  of  the  fourth  stroke  of  the 
piston  ?  and  id.)  what  would  be  its  elastic  force  com|«r<!d  with  that 
of  theeslemalair;  Ant.  (d.)  ||j, 

41.  ThecnrrentofBtirove'sbiitterv  withftoertain  resistance  in  the 
circuit  is  known  hj  be  J  ampere.  Passing  this  current  through  n 
moo  galvanometdr,  the  coils  had  to  be  turned  9"  to  bong  them  jmr- 
■llel  with  the  uoadle.    (See  Appendix  L  [a]),   aomi^  ot  v\ve  tvauHmwk 


second :    what  i 
impact! 

38,  Regarding  the 
what  would  lie  the  e 


being  removed,  it  is  found  tluit  the  coiU  have  to  tie  tiunAil  TO*  tt 
iring  titom  pnnillel.     Wliat  is  lUe  current  in  tlio  latter  o&seT 

Ang.  1  nmpeie. 

4St,  It  a  poHltivel;  electrized  ball  be  bung  at  the  centre  of  B  Moni, 
ita  charge  will  attruct  an  eijnal  amoant  of  —  electricitj'  to  the  wiUi 
of  the  room.  To  what  coiuraoa  piece  of  phjaicol  apparatus  is  llllt 
arrangement  analugousT 

43.  What  length  of  No.  6  pura  copper  wire  (B.  &  8.)  will  h»n< « 
resiHtanceofluhui?    (8eo  Appendix  L)  Ant.243SMtt. 

44  If  a  foot  uf  pal's  copper  wire  weighing  1  gtaiu  has  a  leaaUMf 
of  0.21011  ohm  and  SV  fuet  of  commercial  capper  wire  Wi^ig^iiDg  19) 
graina  has  a  resiHtmce  of  0.613  ohms,  what  ia  the  petcuntagu  Mn- 
ductlvit/  of  the  latter  aa  compared  with  pure  copper? 

Aiu.  Sl.G  per  cmiL 
4Q.   Sketch  an  arrBngement  by  wbicb  a  single  line  of  wire  van  tu 
d  by  an  operator  at  either  end  to  Bignal  to  the  other :  the  coadi- 
ttion  of  working  beiag  that  whenever  either  operator  ia  not  seniBng 
luge,  his  inittrument  shall  be  in  drcvil  with  the   line  « 
( (if  circuit  with  the  battery  at  lua   end. 

46.  Calculate,  by  Joule's  law,  the  number  of  beat  ttnJlB  develupul 
pin  a  wire  whnee  resistance  is  4  obms  whoo  a  ateady  current  of  0  U 
'  ampere  ja  ]iaeaed  thruu^hitforten  minutes,  .ilna.  11.2unilaof  tunt. 

47.  A  dynamo  has  an  E.  M.  F.  of  839  volts  aud  an  internal  (or  in- 
t«rpolar)  reaiittuDce  of  10.9  ohms.  Find  the  current  strength  wlieo 
the  external  n^aiatanco  ia  73  olima.  Ant.  10  amperes, 

48.  I  hare  48  cells,  each  of  1.3  volts  B.  U.  F.  and  each  of  S  ohnia 
internal  resistance.  What  is  the  best  way  of  grouping  them  together 
when  it  ia  desired  to  send  the  strongest  possible  current  thraugli  • 
circuitwIiOBorealataiicoialSohmB'!  Ant.  Qroup  them  throe  t^breasL 

48.  The  carreot  from  a  certain  dynamo  (E.  M,  F.  =  839.02  voIi») 

waa  sent  throuj^h  a  sc>ri(-s  of  16  arc  lamps  each  having  a  reeietaoM 

of  4.61  obma     The  line  wire  bad  a  resiatatioe  of  0.8  ohm,     ~" 

it  measured  10.04  ampereH.     What  was  the  resistance  of  Ui* 

^dynamo?  Aug.   10.61  ohms, 

I    60.  Immediately  after  the  discharge  of  a  Leyden  jar,  llu;  jiotentbl 

B  knob  ia  aero.     It,  howover,  begins  to  riae 

laiderable  part  of  the  poic-iitial  before  discharge  til 
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58.  A  current  of  9  amperes  worked  an  electric  arc  light  and  on 
measoiing  the  difference  of  potential  between  the  two  carboim  bj 
an  electrometer  it  was  found  to  be  140  Tolts.  What  was  the 
amount  of  power  absorbed  in  the  arc?  Ans,  1.69  H.  P. 

54.  If  the  cells  represented  in  Fig.  252 
have  each  an  internal  resistance  of  4  ohms, 
what  is  the  resistance  of  the  external  cir- 
cait,  6^,  if  the  battery  is  working  at  its  great- 
est possible  efficiency  ?  An%,  6  ohms. 

55.  The  same  strength  of  current  that 
will  heat  an  inch  of  platinom  wire  to  white- 
ness will  similarly  heat  a  yard  of  the  same 
wire.  Explain  why  it  is  neC/Cssary  to  use 
more  cells  thus  to  heat  a  yard  than  it  does 
to  heat  an  inch  of  the  wire. 

56.  five  Daniel  cells,  each  with  an  E.  M. 
F.  oi-  L.i  volts  and  an  internal  resistance  of 
2.2  ohms  are  joined  in  series.  The  external  circuit  consists  of  16743 
feet  of  No.  14  copper  wire  (B.  &  S.)  (See  Appendix  I.)  (a.)  What 
is  the  resistance  of  the  external  circuit?  (6.)  What  is  the  current 
strength?  Ans,  (6.)  0.1  ampere. 

57.  Show  that  with  an  unlimited  number  of  cells  like  that  just 
described,  joined  in  series,  tlie  current  cannot  exceed  0.5  amperes. 

58.  What  is  the  total  energy  of  the  current  of  the  dynamo,  opemced 
as  described  in  Exercise  1,  page  349  ?  Ans  \  ^^^'^'  ^^  watts. 

(11.28  horse-power. 

59.  Explain  the  use  and  construction  of  a  relay. 

60.  Suppose  1000  incandescence  lamps  to  be  placed  parallel  in  tbo 
circuit  of  a  dynamo.  Each  lamp  has  a  hot  resistance  of  50  ohms 
and  requires  a  current  of  1  ampere,  (a.)  What  will  be  the  current 
strength  developed  by  the  dynamo?  (6.)  What  is  the  resistance  of 
the  lamp  circuit,  ignoring  the  resistance  of  the  leading  wires  ?  (c  ) 
What  is  the  necessary  difference  of  potential  between  the  binding 
posts  of  the  dynamo  ?  (<f )  If  the  resistance  of  the  dynamo  itself  is 
0.005  ohm,  what  is  the  total  E.  M.  F.  ?  {e)  How  many  watts  will  be 
expended  in  each  lamp?  (/.)  If  500  of  the  lamps  be  turned  oflE 
(open  circuited),  what  will  the  resistance  of  the  lamp  circuit  become  ? 
(^.)  If  the  E.  M.  F.  of  the  dynamo  be  kept  constant  by  change  of 
speed  or  otherwise,  what  will  be  the  current  developed  by  tlie 
dynamo  with  the  500  lamps?  (/<.)  \Miat  will  be  the  current  then 
supplied  to  each  lamp?  J 

Am,  (a.)  1000  amperes;  (6.)  0.05  ohm  ;  (c.)  50  volts  ;  (d)  55  volts;  | 
(e.)  50;  (/.)  0.1  ohm ;  (^.)  523.ai  amperes j  (A.)  1.047  amperp- 
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HONORARY   PROBLEMS. 

6t .  Two  incandescence  lamps  with  resistances  of  16  9  and  32  ohmg 
respectively  were  joined  in  series  with  a  series  of  40  similar  voltaic 
cells  having  a  total  resistance  of  30  ohms.  The  current  measured 
1.16  amperes.  What  will  be  the  strength  of  current  that  a  series  of 
60  such  cells  will  send  through  a  series  of  four  lamps  having  resist- 
ances of  16.9,  32,  20  and  16  ohms  respectively  ? 

Ans.  1.043  amperes. 

62.  What  would  have  been  the  strength  of  current  in  this  case  if 
the  area  of  the  battery  plates  had  been  doubled,  all  things  else  re- 
maining the  same  ?  Ans.  1.2  amperes. 

63.  It  required  15.3  H.  P.  to  drive  a  certain  dynamo  that  bad  a 
resistance  of  10.5  ohms  and  developed  a  current  of  10  amperes 
through  an  external  resistance  of  73  ohms.  (The  "  duty  "  of  a  dy- 
namo is  the  ratio  between  the  total  electrical  energy  developed  and 
the  work  performed  in  turning  the  armature  in  the  magnetic  field). 
What  is  the  duty  of  the  dynamo  in  question  ?     Ana.  73  per  cent. 

64.  The  "  commercial  efficiency  "  of  a  dynamo  is  the  ratio  be- 
tween the  electrical  energy  appearing  in  the  external  circuit  and  the 
work  performed  in  turning  the  armature  in  the  magnetic  field.  The 
energy  expended  in  any  part  of  the  circuit  will,  of  course,  depend 
upon  the  resistances  of  that  part  and  of  the  whole  circuit.  What  is 
the  commercial  efficiency  of  the  dynamo  above  mentioned  ? 

Ans,  64  per  cent 
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NATURE,  REFRACTION  AND  REFLECTION 

OF  SOUND. 

477.  Definition  of  Sound. — Sownd  is  the  -mode 
(if  motion  that  is  capai?e  of  affecting  the.  auditory 
nerve. 

in.)  The  word  Bound  is  need  in  two  different  BeneeB.  It  is  often 
nsed  to  designate  a.  gtiwtiion,  caused  by  waves  of  air  beating  upon 
the  organ  of  hearing ;  it  is  also  used  to  designate  theae  aerial  waves 
theniselvea.  The  former  meaning  refere  to  a  phjeiological  or 
pKrobological  proceaa  ;  the  latter  to  a  physical  phenomonon.  If 
pvery  living  creature  were  deaf  there  conld  he  no  sound  in  tlie 
fomiEr  s^nst*.  while  in  the  latter  sense  the  sound  would  exist  hut 
would  be  unheard.  The  deBnitJon  above  considers  sound  in  the 
phfaical  sense  only. 

478.  TTnfliilatlons.  —  In  beginning  the  atndy  of 
acoustics,  ic  18  very  important  to  acquire  a  clear  idea  of 
the  nature  of  nndulatory  motion.  When  a  person  sees 
waves  approaching  the  ehore  of  a  lake  or  ocean,  there 
arises  the  idea  of  an  onward  movement  of  great  masBes  of 

But  if  the  observer  give  his  attention  t")  a  piece  of 
}  Soating  upon  the  water,  he  will  notice  tU*^  ^t  t» 


I 


rises  and  falls  without  approaohing  tlio  fiboK,  He  mtij' 
thaB  be  CDabled  to  correct  hia  orroneoiis  idea  of  the  omrard 
motion  of  the  water.  Again,  lie  may  stand  beaide  a  field 
of  ripening  grain  and,  as  the  breezes  blow,  ho  will  e«  t 
Beriea  of  wavca  pass  before  him.  But  if  he  observe  oite- 
fiilly  and  reflect,  ho  will  see  clearly  that  there  ia  no  move- 
ment of  matter  from  one  side  of  the  field  to  the  other;  the 
grain-ladened  stalks  merely  bow  and  raise  their  beads. 
Most  persona  are  I'amiliar  with  similar  wave  moremeiitBia 
ropes,  chains  and  carpets.  Eadb  material  partus  hat 
a  motion,  but  that  motion  is  vibratory,  not  progru- 
sive.  Tfte  only  thing  that  Jtas  an  oitward  maaemerU 
is  tlve  pulse  or  wave,  which  is  only  a  form  or  chati^t 
in  the  relative  positions  of  the-  partid-es  of  the  tin- 
didating  substance. 

{a.)  The  motion  of  the  wave  most  be  cleul;  distinguished  fiom 
the  motion  of  particles  which  mustitute  the  w&ve,  1'lie  wave  mii 
travel  to  a  great  iliiitaDce ;  the  jouroe;  of  the  individual  particle  li 
very  limited, 

4:79.  Wave  Period. — When  a  tnedinm  U  tatcned 
by  a  series  of  similar  waves,  each  particle  is  in  ■  statu  of 
continued  vibration.  These  vibrations  are  alike,  tJiBJ 
being  as  truly  isochronous  (§  143)  as  those  of  Uit)  pen- 
dulum. Tile  time  required  for  a.  eomj^et^s  fUim- 
tion  is  caUcd  tJbe  period,  and  is  th-e  sifne  far 
aU  the  jMrtides. 

480.  Wave  Length.— In  si 

waves,  measuring  in  the  direction 
tm,\Q\\mg,t}te  distance  from  ail ij  :  ■■  ^ 

k  the  next  particle  that  is  in  tlie  nihum  n^i^ttiit  /**- 
K»7A  or  "p}ias&"  is  wtH^ed  a  ware  Un,gtfc.     In  Uw  <■■ 


|.^: 


of  water  wares,  the  diatanoe  from  one  crest  to  the  next  is 
a  wave  leugth.     (See  First  Frin.  Nat.  Phil,  %  321,  a.) 

481.  Aiuplitude. — Amplitude  means  the   dis- 

■ce  between  the  extreme  positions  of  the  vibrating  . 
pariicle,  or  the  length  uf  its  journey.  Ab  iu  the  case  of 
tile  pendulum,  amplitude  and  jjeriod  arc  independent  of 
each  other.    Amplitude  is  also  independent  of  wave  length. 

■  482.  Relation  of  Period,  Wave  Length  and 

Bvelocity.— During  one  period  thuro  will  be  one  com- 
plete vibration,  and  the  wave  will  mlvance  one  wave  length. 
The  velocity  of  the  wave  may  be  fonnd  by  multiplying  the 
wave  length  by  the  number  of  vibrations  per  second- 
Conversely,  the  wa.ve  length  miciy  he  found  by  diviA 
ing  the  vel'OcUy  hy  the  number  of  vibraMorts. 

483.  Cause  of  Sound. — .411  sou^nd  miay  he  traced 
to  Hie  vibrations  of  some  muteriai  body.  When  a 
bell  is  struck,  the  edges  of  the 
bell-are  set  in  rapid  vibration, 
as  may  be  seen  by  holding  a 
card  or  finger  nail  hghtly  upon 
the  edge.  The  particles  of  the 
bell  strike  the  adjacent  parti- 
cles of  air,  those  pass  the 
motion  thus  received  on  to  the 
k  air  particles  next  beyond,  and 
these  to  those  beyond. 

(n.)  Tliat  Bound  is  due  to  vibri;- 
lorj  motion  nmy  be  shown  by  nu- 
ineruuB  e»  peri  men  ta.  Holding  on« 
cud  of  a.  KtnUght  s]iring.  hs  u  hick- 
ory sUck,  in  ■>  Niae,  ^\i!i  ttis  \w* 
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le  Hide  and  let  it  go-  Eiasticttj  will  retnm  it  to  its  poritim 
f  rest,  kinetic  energy  will  cany  it  beyond,  and  so  on,  a  vibraloij 
t  being  thus  produced.  When  the  spring  m  long,  the  ribn- 
tionamay  be  seen.  By  lowering  the  spring  in  the  vise,  the  Tibtmlinf 
part  is  shortened,  the  vibrations  reduced  ia  amplitude  and  incteased 
in  rapidity.  As  the  spring  is  shortened,  the  vibrations  becong 
invMlile  but  audible,  showing  that  a  sofBciently  rapid,  vibntoii 
taction  may  prodace  a  sound. 

lb.)  Suspend  a  pith  tiall  by  a  thread  so  that  it  sliall  bang  ti^llf 
againat  one  prong  of  a  tuning-turk.  When  the  fork  is  soanded.  llii 
pith  ball  will  be  thrown  off  by  the  vibraUons  of  the  prongs.  Oth« 
llluBtrations  of  the  some  truth  will  be  observed  as  we  go  on. 

(c.)  The  vibrations  of  a  tuning  fork  may  bo  represputtid  in  Ao 
following  manner:  A  jflass  plate  which  has  been  bltkckenfld^ 
Jiolding  it  in  a  petroleum  flame  is  arranged  so  as  to  elide  ei 
'\e  grooved  frame  F.    A  pointed  piece  ot  metal  1b  UtacbBl'tf 


iwiii 
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>f  the  prongs  of  the  fork.    When  the  fork  is  madeloriti^ 
jKiint  plBi^  a^nst  the  smoked  plate  and  the  platif  d 
tapidly  in  the  grooves,  the  point  traces  on  the  glass  mn 
e  which  represents  fairly  the  vibratory  movement  of  tl 

484.  Propagation  of  Sound.— Sound  i 

narily  propagated  through  the  air.     Tracing  ( 
from  its  source  to  the  ear  of  the  tiearer.  we  may  at 
the  first  layer  of  air  is  struck  by  the  viltrating  Iwdy," 
particles  of  this  layer  pxe  their  motion  to  the  partlnlM  of 
the  nest  layer,  and  so  on  until  the  particles  of  Uie  last 

t layer  strike  apon  the  dnim  of  tl 
tfa.)  Tm  Idea  is  beautlMly  iUustaiWi  \»|  'BhA.  " 


D  ;  D  pushps  E ; 
eacli  boy  after  i\\" 
IninsniiHdoii  of  tlie  , 
push,  becoming  bin 
self  erect.  E,  liav- 
iag  nobodj  ID  front, 
is  tbrown  forward. 
Had  be  been  stand- 
ing OD  tbe  edge  of 
a  predpice  lie  would 
have  fallen  oTori  had 
he  stood  in  cont4ict 
with  B  window,  he  would  have  broken  tl 
to  a.  drum-head,  he  wouJd  have  shaken 
tmnsmit  a,  push  through  a.  row  of  a  hundred  \ioys,  each  particular 
boj,  however,  onlj  swaying  lo  and  fro.  Thus  also  we  send  sound 
Uirough  the  ur,  and  shake  tjie  drum  of  a  disfAnt  ear,  while  each 
particular  particle  of  the  air  concerned  in  the  transmission  of  the  pulse 
makes  ODly  a  small  oscillation."     (See  Fint  Prim.,  Exps.  141-H4.) 

485.  Sound  Waves. — The  layers  of  air  are  crowded 
ist'lv   tO'jotlicr  hy  cstcli   oulwiird   iihration  of  the 


"  Bounding  bodj ;  a  coi.densaU.m  of  llie  air  is  thus  produced 
,  A»  tbfl  sonorous  bodj  vibrates  in  the  o^'poax^  ii.w'SRVwx^ 
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Ethe  neareet  layer  or  wr  particles  foUuwa  it;  a  rarefactton 
|of  the  air  is  thus  prodaced.  A  sound  wave,  therefore, 
consists  of  two  jmrts,  a  condensation,  and  a  rarefao- 
Wiion.  The  motion  of  any  air  partiele  is  backward  mil 
V  jbrward  in  the  line  of  propagation,  and  not  "  up  and  down" 
I  acroae  that  line,  as  in  tlie  case  of  water  waves.  A  scries  gj 
mplete  sound  waves  consists  of  alternate  condensations 
I  and  rarefactions  in  the  form  of  coutinuallj  increaeiog 
I  spherical  shells,  at  the  common  .centre  of  which  is  thii 
I'Bounding  body.  Any  line  of  propagation  of  the  sound 
I  would  be  a  radius  of  the  sphere. 

486.  Sound  Media. — The  air  particles  imj-arttheit 
L  motion  to  other  particles  because  of  their  elasticity,  ^itj 
mtlastic  substance  may  become  the  nhniliitm,  for  tM 
mtrajtsmission  of  sound,  but  such  a  m^ediuni-  is  necef^ 
w  aary.  The  elasticity  of  a  body 
I  may  be  measured  by  the  re- 
r  Bistance  it  opposes  to  compres- 
Bion.  TliL'  less  tlie  compres- 
sibility,    the 


ai^nBt  the  bell.    Readmitting  tlie  air,  and  again  shaking  the  globe, 
the  eound  is  plainly  beard.     (See  Fig.  357.) 

(6.)  A  eniBll  music  box,  ot  a  clock-work  mrangenient  for  striking 
a  liell  (Fig.  358),  ma;  be  supported  upon  a  thick  cushion  of  fell  or 
cotton-batting,  and  placed  under  tlie  capped  receiyer  of  ao  air-pump 
When  the  receiver  is  eshausted,  and  the  machinery  started  by  the 
rod  g,  the  motion  may  be  seen  but  hardly  any  sound  will  be  heard. 
If  the  support  were  perfectly  inelastic  and  the  eskauation  complete, 
no  sound  would  be  audible.  The  eiperiment  may  be  made  more 
perfect  by  filling  the  exhausted  receiver  with  hydrogen  and  again 
eibsuating  the  gas.     (See  Mrtl  Prin.  Nat.  Phil.,  Eips,  146-148.) 

487.  Velocity  of  Sound  in  Air.— It  is  a  fiimilJar 

fact  tljitt  tho  trangmissioa  of  eound  is  not  inHtarituneoua 

The  blow  of  a  hammer  is  often  seen  several  secont's  before 

the  consequent  sound  is  heard;  steam  escaping  from  the 

jsrliistle  of  a  distant  locomotive  becomes  visihle  before  the 

pill  scream  is  audible;  the  lightning  precedes  the  thunder. 

1  see  further  on,  t>ie  time  required  for  the 

(DpE^tioD  of  light  through  terrestrial  distances  ia  inap- 

imble.     Hence  the  interval  between  the  two  sensations 

f'  seeing  and  hearing  is  required  for  the  transmission  of 

!fae  sound.    This  interval  being  observed  and  the  distance 

being  known,  the  velocity  is  easily  computed.     By  such 

means  it  has  been  found  that  the  vel-ocifij  of  sound  in 

air  nt.  ihs  freezing  temperaULrp.  is  ahnut  332m.,or 

1000  ft.  fier  second.    There  is  some  reason  for  believing 

that  very  loud  sounds  travel  somewhat  more  rapidly  than 

Bounds  of  ordinary  loudness.     With  this  exception  it  may 

_  be  said  that,  in  a  given  medium,  all  sounds  travel  with  the 

fse  relocity, 

88.  VftlocUy  ill   Otlier  Media.— 27n?  velooita 

I  sound,    dfi/ifijids    upon-    two    considerations — the 

ol'ty  ntul  the  density  of  the  medium',    ft  vari 

I  as  the  square  root  of  the  etoattoity,. 
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vnveraely  as  the  Sf/uare  root  of  the  density.    At 
freezing  temperature,  soimd  travels  through  osygen  with  a 

^^  velocity  of  1040  feet,  and  throngh  hydrogen  with  a 

^^BOf  4164  feet  per  second. 

^V  (a.)  It  Is  a  YtTj  oomraon  mistake  to  tblnk  that  an  laerease  at 
^^f  denaitj  caoees  an  incTease  of  Telocity.  It  is  known,  e.g.,  that  sonnd 
travels  moro  rapidly  in  water  than  in  sir  ;  that  wa 
than  air ;  hence,  say  the  superficial,  Bound  travels  most  tBjndl;  In 
the  densest  bodies.  It  doa  not  fuUoiB.  Other  things  being  »]iial. 
the  denser  the  medium,  the  less  the  velocitj  of  the  motion.  A  little 
reflection  will  show  that  this  must  be  so ;  experiments  niJl  verify 
the  conclusion.  In  wive  motion,  the  partirlts  of  the  mt^itm  ewi- 
ttitute  Die  thing  that  it  moned.  With  a  given  expenditure  o(  autigf, 
a  namber  or  light  particles  is  moved  more  rapidly  than  an  «qaal 
nnmbor  of  heavy  particles  (g  157). 

4^89.  Effect  of  Temjieratiire  Upon  Velocity. 

—An  increase  of  the  tempemture  of  the  air  iner^ases  iU 
elasticity  and  decreases  its  density.  W'u  might,  therefore, 
expect  sound  to  travel  more  rapidly  in  warm  than  iu  eolJ 

Iiur.  Eyperiment  confirms  the  concln^ou.  Them  U  m 
added  velocity  of  (ihnut  I.IS  feet  for  every  Fahr 
renJieit  degree,  or  of  ubout  S  feet  far  efery  eeitlf- 
■grade  de4rm  of  increase  of  f,et)t.ppratiire.  (TTie 
iteezing  temperature  is  32°  F,  or  0°  0.) 

490.  Momentary  anil  Coiititiaou8   Sotm^. 

— A  sound  may  he  momentary  or  oonlinuons.     A  moani' 
tary  sound  consists  of  a  single  pulse  ])roducod  by  a  MRgb 
I  &nd  sudden   blow.     A  continuous  sound  wamslx  of  * 
I  rapid  auccesBion  of  poises.      The  ear  i»  ,«>  ounetri 
tthat  its  vibrations  disappear  very  miiidly  bnt  i 
13  not  inalantaiicoua.    If  ikft  nw* 


f 


to  the  auditory  Tierve  by  eaeh  individual  pulse  eon- 
tinue  until  tJie  arnval  of  its  aucGessov.  the   sound 

uiM  be  continuous. 

{a.)  Momentaty  aounils  may  be  prodnced  bj  poitndiug  with  a 
hammer,  stjuupiag  wilh  the  foot,  clappiug  the  bands  or  drawing  a 
stick  elnwlt  along  the  pickets  of  a  fence.  Continuous  eoands  may 
be  produced  bv  gawing  boardH  or  filing  eaws.  They  constitute  the 
mttling  of  wheels  over  n.  fttony  pavemuni.  the  roar  of  wavea  or  the 
crackling  of  a  large  tire. 

491.  Noise  and  Music. — The  sensation  produced 
by  a  Heriee  of  blows  eoming  at  irregular  Intervals,  is 
nnpleasant  and,  the  Honnd  ia  called  a  noise.  But  when 
the  air  waves  come  with  sufficient  rapidity  to  render  the 
sound  continuous  and  with  perfect  regularity,  the  aensa- 
tioa  is  pleasant  and  the  sound  is  said  to  be  musical. 
To  secure  this  pl-e/ising  sjiiootftness  of  music,  the 
sriundii'g  body  must  vibrate  with  the  unerring  reg- 
ularity of  the  jienduZum,  but  impart  much  sharper 
an^l  quicker  shocks  'to  the  air.  Every  musical 
sound  has  a  well-dsflnsd  period  and  ma ve  length. 

402.  Elemeuts  of  Sf usioul  Sounds.— Musical  sounds  or 
tonpe  have  three  elements — intenalty  or  loudness,  pitch,  and  timhre 
or  qnalily.  The  first  two  of  these  we  shall  consider  at  once,  the 
third,  a  little  furthet  on. 

493.  Intensity  and  Amplitude. — Intensity  or 

loudness  of  sound  depends  upon  the  amplititd'e  of 
vihraMofh.  The  greater  the  amplitude,  the  loader  the 
sound, 

ia.)  I(  tho  Ddddlf  of  n  tightly-stretched  cord  or  wire,  as  a  guitar 
(itriag,  he  drawn  aside  from  its  position  of  rest  and  then  set  free,  it 
irfll  Vibrate  M  and  fro  acnss  its  place  of  rest,  striking  tiie  air  and 
«i<h1i[ig  wiiuid  wan«  to  the  ear.  If  the  middli*  of  the  string  Iw 
■InwD  aside  to  a  greater  dietanre  and  then  set  free,  the  swing  ta 
H|Mi»  iriU^  janrewd,  innlff  Uom  will.  \w  sttock  aftib^M  via. 
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ind  tlie  air  partidee  will  movn  forward  and  bHrVward  tlumig^  j 

B;grpDt('r  distance.     In  otber  words,  the  amplitude  of  vibration  hi< 

V  l>**n  imrfiispd.  But  tliis  chaage  in  the  flcriul  wave  ]>radiici!B  i 
cboiigo  in  the  seneatjon.  We  etill  refognize  the  pilch  to  ha  the 
UDie  aa  before  ;  the  tone  is  neither  higher  nor  lower.  We  t»en 
recogui/e  it  still  as  being  produi»d  by  b  guitar  Btring.     The  oeXj 

.  4ifIereuco  la  that  the  Bensation  is  more  intense ;  we  sa^  that  the 

Lioand  ia  louder. 

F     494.  Intensity  and  Distance.— 2^6  intensity 

of  scund  vaj-ies  inversely  as  the  square  of  tJie-  dis- 
tance from  tlie  sounding  body.    Heiiee,  the  distanee 

to  which  u  Bouud  may  bi?  ImarJ  dcpenila  upon  its  inteastj 


\mai 


■oiislio  Tiihvs. — If  Nil'  wmiui  wiive  he  net 
allowed  (o  expand  us  a  splierica!  sliell,  Dig  energy  i>f  tin 
wave  cannot  be  diffused.     This  moium  that  ite  hitensit; 
will  be  maintained.     In   acoustic  tutjca   (Fig.  217)  tlii» 
lei'on  is  prevented,',  tJie  wawcs  are.  propagofed  in 


ora^  rme  direction.  In  this  way,  aonad  may  be  traiw- 
nitted  to  great  diBtsnces  wittout  considerable  loss  of 
atsitj.     {8ee  First  Principles,  Exp.  149.) 

•  Pitch. — Tbe  second  element  of  a  musical  sound 
'^iteb,  by  which  we  mean  the  quality  that  coustitutea 
the  diJfereuce  betweeu  a  low  ur  grave  tone  and  a  high 
tone.  Ail  persona  are  more  or  less  able  to  recognize 
differences  in  pitch.  A  person  who  is  able  to  judge 
accurately  of  the  pitch  of  sounds  is  said  to  have  a  "good 
ear  for  maisic,"  The  pitch  of  a  sound  depends  upon 
the  rapidity  of  vihration  of  the  sounding  body, 
or,  in  other  words,  upon  the  rate  at  wliicb  sound  piilsea 
mow  each  other.  The  more  rapid  the  vibratioua,  tbe 
Kr  tbe  tone. 


97.  Expwimental  Proof  of  the  Cause  of 
Pitch.  —  That    pitch    depends    upon  ~ 

rapidity  of  vibration,  may  bo  roughly 
showTi  by  drawing  the  finger  nail  across 
the  teeth  of  a  comb,  slowly  the  first  time 
and  rapidly  the  second  time.  It  may  be 
shown  more  satisfactorily  by  means 
Savarf  s  wheel,  shown  in  Fig.  260.  This  ' 
consists  of  a  heavy  metal  ratchet-wheel,  '"■  "   '■ 

supported  on  an  iron  frame' and  pedestal.  Tbe  wheel  may 
be  set  in  rapid  revohition  bya  cord  wound  around  thu  axis. 
By  holding  a  card  against  tbe  teeth,  when  in  rapid  motion, 
Q  will  be  produced,  gradually  falling  in  pitch  as 
I  is  lessened. 


Bounding  bodj  and  the  listening  ear  upproHrli  each 
«  sound  vraveg  wiU  beat  apon  the  ear  with  gTP»lcr  rapidity. 
efluivalcnt  to  increaein^  the  la^iidllv  ot  V\\tiBX\(i&  o\  ^^le, 


eonndlag  bodj.     The  opposite  holds  (rue  when  tfae  Bounditig  Mt 

uid  the  i-'ur  recede  from  eucb  other.    This  eiptaiae  wL;  thp  |>iich 
I  of  ihu  whisLlu  of  a,  railway  loi-amotive  is  perueptil)!;  Uigfaer  nhen 
1  IB  rupidly  approaching  the  obaerrer,  than  when  it  is  r&pidl; 
I  movUig  ftWBj  from  him. 

498.  Relation  between  Pit«h  and  Perif»d." 

r.£a£e  of  vibration  and  jKiiod  are  re-ciprocals.  If  tifi 
Mtate  of  vibration  be  356  per  second,  the  period  is  jj^ ail 
Iseeoud.  Ttie  period  vaaj,  tlici'ofoi'G,  be  used  to  meaann 
I  the  pitch ;  the  great^T  the  period,  the  lower  the  pitch. 

490.  Relation  between  Pitch  and  Wave. 
P  Length.— Since,  in  a  given  medium,  all  sounds  txtxA 
I  with  the  same  velocity,  the  rate  of  vibration  determines 
I  (he  wave  length.  If  the  sounding  body  vibrate  224  tinirt 
I  per  second,  234  waves  will  be  started  each  second.  If  the 
I  velocity  of  the  sound  be  1130  feet,  the  total  length  of  tbeK 
I  %Zi  waves  mnst  be  1130  feet,  or  the  length  of  each  vave 
I  must  be  five  feet.  If  another  body  vibrato  twice  aa  fult, 
I  it  will  crowd  twice  as  manyivaves  into  th«  11^  feet;  enb 
I  wave  will  be  only  two  and  a  half  feet  long.  Thus  wan 
\  length  may  be  used  to  measure  the  pitch — the  grosta  the 
L  wave  length,  the  lower  the  pitch. 

500.   Refraction  of  Sound.— We  have  a  deai 

'  idea  of  sound  waves  advancing  as  concentric,  spherical 

shells,  but  we  are  far  more  familiar  with  the  idea  of  sound 

advancing  in  definite  straight  lines.     This  idea  is  also  co^ 

rect,  the  lines  being  radii  of  the  sphere.    We  may  thnii 

apeak  of  lines  or  "rays"  of  sound,  meaning  thereby  tlis 

direction  in  which  the  sonorous  pulses  are  propagated. 

I  The  ray  is  necessarily  perjiendicular  to  the  wave.     When 

^the  noise  of  the  street  is  heard  by  a  person  in  a  closed  rooni. 


solid  matter  of  the  walls,  and  from  this  to  the  air  within. 
VVIien  sound  thus  passes  obliquely  from  one  medium  ta 
another,  the  raya  are  bent.     T/iis  bending  of  a  sowi 
ray  is  oaJi'Sd  refraction  of  sound. 

501.  A  Soniid  Focns. — Ordinarily,  sound  rays  are 
divergent.  The  sound  is  therefore  continually  diminishing 
in  intensity.  By  means  of  their  refrangibility,  they  muy 
be  made  convergent  If  the  divergent  rays  strike  the  side 
of  a  sack  shaped  like  a  double  convex  lens,  made  of  two 
films  of  collodion,  or  very  thin  India  rubber,  and  filled 
with  carbonic  acid  gas  (OOj),  their  divergence  will  be  di- 
minished ;  they  may  thus  be  made  parallel,  or  even  eon- 
verjfent,  after  passing  through  the  sack.  At  the  point 
where  these  rays  converge  their  total  enei^y  will  be  eon- 
cen tratod,  and  the  intensity  of  the  sound  be  thus  increased. 
The  point  where  the  refracted  rays  intersect  is  called  the 
focus  of  the  lens.  The  laws  of  refracted  sound  are  the 
same  as  those  of  refracted  light,  to  he  studied  further  on. 

(fl.)  \t  B,  watch  b«  liung 
beard  by  placing  the  ear  b' 
when  the  sack  is  rp- 
nioved,  the  ticking  ia 
no  longer  audible.  A 
few  triata  will  enable 
Ibo  experimenter  to 
determine  the  proper 
positions  fnr  the  watch. 
ihe  lens  and  tbi-  ear. 
The  rcfractioa  direct  a 
to  the  ear  a]l  the  en 
ergy  exerted  upon  the 
uitctior  surface  of  the 

«ftok.  This  energj  is  siitBrient  to  pitite  the  seasation  of  hearing. 
A  IHlle  reflection  will  show  that  when  the  Huck  is  removed,  the 
(aerted  apoa  the  saaXlet  aulace  ol  ita  tyitt^B.i\\irQ  b.\  >X« 


are         I 
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greater  distance  is  very  mnch  dlmlniBlied.    This  leaser  enntgjr  li 

unuble  to  excita  tlip  auditory  nerve  tr>  nction,  Mid  tb«t  ticking  of  llie 
.  wntcli  is  unlieard, 

I     503.  Reflection  of  Sound. — Wlien  a  soand  ray 

Ffltrikee  iia  obstacle,  it  is  i-eflect^tl  in  obedience  to  the  prin- 
ciple given  in  g  97.  This  lact  is  turned  to  account  in  tbe 
ease  of  •'conjugate  reflectors"  of  sound.  Fig.  263  lepie- 
seats  the  section  of  two  parabolic  reflectors  mn  sod  9p. 
It  ia  a  peculiarity  of  such  reflect- 
ors that  rays   starting  from  the        ^^  '■v^ 

focns,  as  F,  will  be  reflected  oa     j^ ■=> A 

parallel  rays,  and  that  parallel  rays  ly^       '  F^H 

foiling  upon  such  a  reflector  will  L*y  ^  y^j 

converge    at    the    focus,  aa    F'.    \r » —       -V 

Hence,  two  such  reflectors  may       ^^  ^ 

be  placed  in  such  a  position  that  p^^ 

sound  waves  starting  from   one 

focus  shall,  after  two  reflections,  be  converged  at  the  other 

focuB.      Two  refl.ectors  so  p!<iced  are  said  to  f?e  am- 

jugate   to  each   other.     This  principle  underlJea  the 

phenomena  of  whispering  galleries. 

(a.)  "  Thp  great  dome  of  St.  Paul'H  CttthedrHl  in  London  is  so  con- 
Btnicted  that  two  peraons  at  opposite  points  of  the  Internal  gslleiy, 
piRced  in  tbednitn  of  the  dome,  can  talk  togetherinamere  whieper. 
The  Bonnd  ia  transmitttil  from  one  to  the  other  by  Bacceaeive  reBw- 

Itions  along  the  cjiiirHo  of  the  dome."     A  simUnr  pi 
obaerrable  in  the  diinie  of  the  Captlol  at  Washington, 
fle 
tic 
ea 
r 


503.  Experinieiit.— At  the  focns  of  a  curved  ifr 

I  fleeter,  place  a  watch  or  other  suitable  sounding  bodj. 
I  Directly  facing  it,  but  at  a  distance  so  great  that  Mat 
I  ticking  is  unheard,  pSace  a  similar  reflector.  When  Uie 
s  jdaced  at  the  focus  of  the  second  mirror,  ae  shown  in 
Wig.  seSf  the  ticking  is  ^YaVdj  VfeMii^ 


Fig,  263. 

(n.)  In  the  experiment  above  described,  it  is  plain  tliat  many  of 
the  KiyH  reflected  by  tlie  first  mirror  are  tnteiwpted  before  they 
reach  tht  soccod  mirror.  This  may  ho  reniwlied.  in  part,  by  tlie 
use  of  an  ear-trumpet,  the  larger  ond  lieing  held  at  tlie  fncua  of  the 
Becond  reflector,  Tlie  ear  trampet  may  he  a  glass  funnel,  with  a 
piece  of  ruhl)er  tubing  leading  from  ita  smaller  ond  to  the  ear.  The 
experiment  may  be  modi  Red  by  aeiag  &  single  reflet-tor,  the  w&tob 
being  pla<red  a  little  further  from  the  reflector.  The  proper  positionB 
for  the  watch  and  the  funnel  are  easily  determined  by  experiment. 
They  ate  cgnjvgttte  foei. 

d(>4.  Echo, —  Wfien  a  sound,  after  reflection,  is 
audible,  it  is  called  an  eeho.  The  distinctnesa  with 
which  it  is  heard  depends  apon  the  diBtance  of  the  ear 
from  the  reSecting  surface.  A  very  quick,  sharp  sound 
may  produce  an  echo  even  when  the  reflecting  aurfuee  is 
not  more  than  fifty  or  sixty  feet  away,  hut  for  articulate 
Bonnds  a  greater  distance  is  necessary. 

(«.)  Few,  if  any,  peraona  cnn  pronounce  distinctly  more  than 
kboat  five  Bjllablea  in  a  second.  At  the  ordinary  temperature, 
•ound  travels  about  1130  fe«t  per  second.  In  a  fifth  of  that  time 
il  would  travel  about  224  feet.  If,  therefore,  the  reflecting  Hurfaco 
be  113  feet  distant,  the  articulate  sound  will  go  and  return  before 
the  nest  syllable  ia  pronounced.  The  two  sounds  will  not  inter- 
fere,  and  llie  echo  will  bo  distinctly  heard.  If  the  reflecting- so r- 
[Bce  be  less  than  this  diatance,  the  reflected  eouudvlWn^Mni'WlQiQ 
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the  articulstloD  la  complete  nndeonfuBedlj  blend  wUfatt.  tf  A* 
reflector  be  'J24  fe«t  clistant,  thero  will  tx;  time  to  pranounMtm 
HjUables  l>efore  the  reflecte<1  wbvr  returns.  Tlie  echo  of  botli 
syllables  may  tlien  be  lieanl :  anil  so  on.  The  echo  maj  be  htui 
ionietimea  when  the  liireot  sonnd  runnnt  be  heard. 

lb.)  Suppose  the  speaker  tu  stund  1120  feet  from  tbe  leflMting 
tiubstaDCe.  If  then  he  Bpeok  ten  sy1Ubk«  in  twn  seconds,  the edn 
of  the  first  will  return  just  as  the  laet  is  at>ol(en ;  the  echo  of  Gftch 
BjUable  will  be  distinct.  But  if  he  cgntinueB  to  speak,  the  diieet 
and  the  reflected  sounds  will  become  blended  and  confused.  Tlu 
reflecting  aarface  should  be  a  large,  vertical  wall,  or  gimikr  object, 
as  a  huge  rock. 

(e.)  When  two  opposite  Hurfocea.  aa  parallel  walla,  aucceosTBl} 
reflect  the  sound,  multiple  echoet  are  heard.  Sometimes  an  echo  U 
thus  repeated  30  or  30  limes. 


I 


1.  If  18  seconds  intervene  between  the  flaab  and  report  of  S  goB, 
what  ia  its  distance,  the  temperature  being  83°  F.? 

S,  What  will  be  the  length  of  the  sound  waves  propagated  UiKDgll 
air  at  a  temperature  of  15°  C.  by  a  tuning-fork  that  vibratw  fSi 
times  per  second  ? 

!1.  State  clearl;f  the  difference  between  a  tranaverae  and  %  loi^ 
tudinal  wave. 

4.  Determine  the  tcmperfltnre  of  the  air  when  the  velocity  of 
Bound  Is  1150  feet  per  Bcciond, 

5.  If  J  ia  SO  m.  from  a  bell,  and  B  is  70  m.  from  it,  how  will  tl.e 
loudnesa  of  the  sound  as  beard  by  B  uompare  with  the  londaw  as 
heard  by  ^  ? 

B.  A  shot  is  Gred  before  a  cliil,  and  the  echo  heard  in  sis  seondh 
Tlie  temperatare  being  15"  C.  find  the  distance  of  the  cHJT. 

7.  A  certain  musical  instrument  mahes  1100  vibrations  per 
second.  Under  what  conditions  will  the  sound  waves  be  eiach  a  fool 
long? 

8.  How  many  vibrations  per  second  arc  neceasary  for  the  foimv 
tion  of  sound  waves  four  feet  long,  the  velocity  of  aound  bmng 
1120  feet  t    What  will  be  the  temperature  at  the  time  of  the  eipelv 

ent? 

9.  Taking-  the  velocity  of  sound  as  332  m.,  find  the  length  of  1 
ave  if  there  are  830  vibrations  per  aecond. 

10.  The  waves  produced  by  a  man's  voice  in  common  converaatlan 
Are  trom  eight  to  twelve  teet  '\oa%~    \\  SJ^o  \«\ocit,j  of  muikd  I* 


COMPOSmON  OF  80 turn   WAVES. 
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B  feet,  find  the  corresponding  numbers  of  vibrations  of  vocal 

rds. 

.1.  A  person  stands  before  a  cliff  and  daps  his  hands.     In  f  of  a 

)nd  he  hears  the  echo.    How  far  distant  was  the  cliff? 


Recapitulation. — To  be  amplified  by  the  pupil  £6i 
lew. 

r  DEFINITION   AND  CAUSE. 

UNDaLATIONS. 

MODE  OF  PROPAGATION. 

PERIOD  AND  LENGTH. 

AMPLITUDE. 

{Condensation. 
Rarbpaction. 

At  Frrbzing  Tempbratuiib. 


•UND. 


WAVES. 


PARTS.. 
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IN   AIR 
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At  Othbr  Tbmpbraturbs. 
IN  OTHER  MEDIA. 


NOISY. 


MUSICAL. 


(  Cause. 
Loudness.  •< 

( Acoustic  Tube* 

Pitch Cause. 

Relation  between  Pitch 
AND  Period. 


.  Quality  or  Timbrb. 

REFRACTION  AND  ACOUSTIC  FOCI. 

LAW. 

WHISPERING  GALLERIES. 

ECHOES. 


I  REFLECTION.. 


^Section  ii. 
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THE  TELEPHONE    AND    PHONOGRAPH.— COMPOSI- 
TION    AND   ANALYSIS  OF   SOUNDS. 

Note. — Before  beginning  the  Btndy  of  tha  telephone,  the  piqd 
should  carefully  review  g§  4(18,  460. 

505.  The  Telephone. — This  iiiBtrnment  is  repr^ 

»L'iili'i.I  ill  tfk'ctLuii  lij  Fig.  304,     A   IB  a  permoaent  bar 
ntagiiot,  around 


I 

^^  m. 


attached  to  the  larger  wires,  CC,  which  communicato  with 
the  biuding  posts,  DJ).  Id  front  of  tiie  magnet  and  coil 
18  the  soft  iron  diaphragm,  E,  which  correBitonda  to  the 
disc,  a,  of  Fig.  349.  The  distance  between  E  and  the 
end  of  A  ia  delicately  adjiistt'il  by  the  screw,  A'.  In  froiit 
of  the  diaphragm,  is  a  wooden  month-pieco  with  n  hule 
about  the  size  of  a  dime,  at  the  middle  of  the  dtaphragm 
and  opposite  the  end  of  the  magnet.  The  outer  case  is 
made  of  wood  or  of  hani  rubber.  The  external  appeanncc 
tie  complete  inBtrament  ^a  veytwBft'o.'yii  V^-j 


The  binding  posts  of  one  inBtniment  being  coonected  by 
wiroK  with  the  binding  poate  of  another  at  a  distuuce.  eoD- 
veraation  may  be  ciirrii'd  uu  between 


506.  Action  of  the  Tele- 
phone.— When  the  mouth-pieoe  m 
brouglit  befoi-e  the  lips  of  a  person 
who  is  talking,  air  w^ves  beat  upon 
the  diaphragm  and  canse  it  to  vibrate. 
The  nature  of  these  vibrations  depends 
upon  the  Iwiidnees,  piteh  and  timbre 
of  the  aouiids  uttered.  Each  vibration 
of  tile  diaphragm  induces  an  electric 
Biirrent  in  the  wire  of  B.  These  cur- 
pflutB  are  transmitted  to  the  coil  of  the 
oonnected  telephone,  at  a  distance  of, 
perhaps,  several  miles,  and  there  produce,  in  the  diaphragm 
of  the  instrument,  Tibratious  esiictly  like  the  original 
vibrations  produced  by  the  voice  of  the  sjwaker.  These 
vibrations  of  the  second  diaphragm  send  out  new  air 
waves  that  are  very  faithful  countei^parts  of  the  original 
6il  waves  that  fell  upon  the  first  diaphragm.  The  two 
sets  of  air  waves  l>eing  alike,  the  resulting  sensations  pro- 
daoed  in  the  hearers  are  alike.  Not  only  different  words 
but  also  different  voices  may  be  recognised.  The  arrange- 
ment being  the  same  at  both  stations,  the  apparatus  works 
in  either  direction.  No  Irattery  is  necessary  with  thi( 
arrangement.     (See  Appendix  O.) 


Fig.  265. 


(n.)  Tlie  reproduced  aound  ia  eomewliat  fefhle  btit  remnfkably 
clnar  snd  dietinct.     'I'liP  second  lKlppliuni>  should  be  lield  cloeo 
dw  Mar  o/  tiie  iiafecer.     Sonibtimes  tbere  are,  m  1.\ie  wmK.  '^t'^' 
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two  or  more  InatmTEents  at  eadi  titation,  eo  that  eneh  o 
Iiold  one  M  \hf  par  and  tli«  other  to  the  mouth  ;  nr  the  listener  m»j 
place  one  at  each  c«r.  When  thii  Btalions  are  a  considerable  di» 
tance  npart,  one  binding  post  of  each  inelrument  may  be  cotmecied 
with  the  earth,  aa  in  the  cbbb  of  the  telegrapli  (" 

(b.)   It  ia  to  be  distinc^tly  notio'd  tlial  the  lound  i 
tranamitted  from  one   station   lo  the  other,      "The  air  » 

Q  producing  mechanical  TlbnktionB  of  the  metal ;  theoe  eteU* 
magneiic  iliBtnrbann'B  tliat  excite  electrical  i 
and  this  ftgaia  ipvos  rifte  ti)  magnetic  eiianirea  that  are  atill  further 
converted  into  the  tremoni  of  the  distant  diaphragm,  and  tliiai 
finally  reappear  as  new  trains  of  ail  wave»  that  affect  tlie  liataaai/' 


coi 


^^^^  TffE  PHOiVOaBAfB. 

ing  preeaure  results  in  a  varying  resistance  to  tbe  j 
of  the  current  througli  the  button  and,  coTiscqueotly,  iu 
vuriatioiiB  in  fclie  current  itself.  This  TiU'jing  ciicrent, 
passing  through  the  primary  circuit  of  a  small  induction 
coil  in  the  hos,  0,  induces  a  current  in  the  secondary  cir- 

lit  thereof.  This  current,  thus  induced,  flows  over  the 
jlephone  wires  and,  at  the  other  stiitiou,  passes  through  a 
telephone  like  that  shown  at  B,  which  is  held  close  to 
the  ear  of  the  listener.  The  message  is  transmitted  by  C 
at  one  station  and  received  by  B,  of  a  similar  instrument, 
at  the  other  station. 

At  each  station  is  placed  an  electric  bell,  A,  which  may 
be  rung  from  the  other  station,  for  tie  purpose  of  at- 
tracting attention.  When  the  stations  are  a  considerable 
distance  apart,  oue  binding  post  of  each  instrument 
may  be  connected  with  the  earth,  as  in  the  case  of  the 
telegraph. 

(a.)  In  moat  of  onr  cities,  the  telephonea  are  connected  by  wire 
with  a  centra]  BtRtiOQ,  called  a,  telepboiie  exchange.  The  "  Ei- 
chao);^"  may  thus  be  connected  nith  the  hooees  of  hundreds  of 
patroDB  in  aU  parts  of  the  city  or  even  In  difierent  cities.  Upon  re- 
quest by  telephcme,  the  sttendant  at  t1ie  central  station  connects 
tbe  line  from  any  instrument  with  that  running  to  any  ottier  inatru- 
ment.  Thna,  each  subscriber  may  oommunicate  directly  with  any 
other  aabaeriber  to  the  eschange. 

508.   The  Phonograph. — This  is  an  instrnment 

for  recording  sounds  and   reproducing  them  after  any 
length  of  time.     (See  Appendix  P.) 

(a.)  The  receiving  apparatas  consists  of  a  mouth-piece  and 
vibrating  disc  like  those  of  the  teleplione.  At  tha  bock  of  the 
disc  is  a  short  needle  or  style  for  recording  the  vibrations  upon  a 
siieet  of  tln-foll  moving  under  it.  This  lin-foll  is  placed  upon  a  melal 
(guilder  aboDl  A  ioat  (30  em.)  lung.     The  cjliu^t  ^ua  «■  t>^a«^ 


r 
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groove  apon  iu  carTcd  aorrace  and  a  similHr  tlireHd  upon  lla  ud& 

wliich  turuB  in  a  Gied  nut.  As  the  cylinder  is  tnmed  by  a  crsnt 
tlirt'sdrt  upon  tije  axis  give  the  cylindtr  a  lengliiwise  moljon. 
The  Btylu  is  placed  in  pomtion  over  one  of  the  lin-firil  oavetet 
igroovea  of  the  cyliuder.  As  the  cylinder  revolves,  ii  pnijertioo  in 
front  of  the  style  crowds  the  toil  down  Into  the  groove.  The  needls 
follows  in  the  channel  thoB  made  and,  as  It  vibrates,  records  n  ao^ 
cession  of  dotg  in  the  tin-foil.  TTUm  dots  conetituU  Ihr  reatrd.  To 
the  naked  eye  they  lot>k  alike,  but  the  microscope  reveuls  diflbrencca 
correB|MiodmR-  to  pilch,  loudness,  and  timW/. 

(h.)  Til  reprodnce  thtisonnd,  the  Btyle  Ib  lilted  from  thetml.tbe 
cylinder  turned  back  to  its  starting  point,  the  style  placed  In  th^ 
beginniug  of  the  grcKive  and  llie  crank  turned.  The  style  passffi 
through  the  chunne!  and  dropH  into  the  flrat  indentation  :  the  diu 
follows  it.  T!ie  style  rises  and  drops  inl«  each  of  the  anoceeding 
indentations,  the  disc  followinj^  its  every  motion  with  a  vibtation. 
Tlie  original  vibrations  made  the  dots;  tho  dots  aru  now  mekiDK 
fiirailar  vibrations.  Sonnd  waves  made  the  originul  vibralious ;  now 
the  reproduced  vibrations  create  similar  sound  wiives.  The  tepto- 
duced  sounds  are  a  little  mnffled  but  remarkably  distinct,  each  of  the 
three  qualities  (g  492)  being  recognisable.  The  principle  may  be 
applied  to  any  implement  or  toy  that  makes  a  eoond  as  well  as  t« 
tho  voice.     Perfectly  simple  ;  cqimlly  wonderful. 

Experiment  I. — The  effect  of  repeated  impulses,  each  feeble 
bat  acting  ai  the  rigid  iiMant,  may  be  forcibly  illustrated  as  follows: 
Support  a  heavy  weight,  as  a  bucket  of  coal,  by  a  long  string  fli 
wire.  To  the  handle  of  a  bucket,  fasten  a  fine  oottoa  thnmd.  By 
repeated  pullri  upon  the  thread,  each  pull,  after  the  first  one:,  bung 
given  just  as  the  pendulum  is  beginning  lo  swing  toward  yn 
from  the  effect  of  the  previous  pull,  the  weight  may  be  made  tn 
awing  through  a  large  arc,  while  a  ^ngle  poll  out  of  timt  Will 
snap  the  thread.  A  little  practice  will  enable  you  lo  )ierform  tlw 
experiment  neatly. 

Experiment  2. — Vary  the  last  experiment  by  setting  the  pendu- 
lum in  motion  by  well-timed  pnffi  of  air  from  the  moatii  or  fron  > 
hand  bellows.  The  sanie  principle  is  illustrated  in  the  action  of  the 
•pring  board,  familiar  to  most  hoys,  who  know  that  the  deaired 
eflect  nan  be  secured  only  by  ■'  keeping  time."  Soldiers  are  o(l*a 
ordered  to  ■'  break  step"  in  crossing  a  bridge,  lest  the  aetrnmuiiiitd 
energy  of  many  footfalls  in  unison  break  the  bridge. 


Experiment   3.— BuBpend  ae-^MaX  ^™itfni.w«  ttova  *  fnineu 


sbowQ  in  Fig.  267.     Make  two  of  equal  length 
vibrate  at  the  sttme  rate.    Be  tare  that  they  wUt 
other  pendulums  are  to  be  of  difierent  leuglha. 
The  swinging  of  n  will  produce  slight  vibra- 
tions in  the  &Bine  which  will,  in  turn,  trans- 
mtt  tbem  to   the   other  pendulume.     As  the 
BucceBsive  impHlaw  thus  imparted  by  a  ket-p 
time  with  the  vibrationB  of  h,  this  euLTfry  au- 
cnmnlales  in  6,  lehieh  is  toon  get  in  perteptiUe 
mbration.     As  these  impulses  do  not  keep  time 
with  the  vibrations  of  the  other  pendulums, 
there  can  be  no  sach  mxumutation  of  energy 
in  tliem,  for  many  of  the  Impnlsee  will  act  in 
opposition  to  the  motions  produced  by  previous 
impulses  and  tend  to  destroy  them. 

Experiment  4. — Tune  to  unison  t 
upon  the  same  sonometer  (Fig.  268).  Cpon 
one  string,  place  two  or  three  paper  riders. 
Willi  a  violin  l>ow,  wt  the  other  string  in  vi- 
bration. The  sympathetic  vibrations  thas 
produced  will  be  aluiwu  by  the  dismounting 
of  the  riders,  whether  the  vibrations  be  audible 
or  not.  Change  the  tension  of  one  of  the 
strings,  thus  destroying  the  unison.  Repeat  the  experiment  and 
notice  tliut  t/ie  aympat/wtic  vilnvilioiiti  nre  not  produced.     See  App.  Q 
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Experiment  5.  —  Place,  several  feet  apart,  two  tuning-forks 
nioiintod  upon  reaonant  cases.  The  forks  Hlioiild  have  the  pauie 
tone  md  the  cases  should  rest  ujioii  piucea  ot  rttii^T  luH^ft  \q  ^to- 
m/ct^o  tnaakrrmice  ot  yibnXorj  motion  to  wA  'iavfKn^  ftvft  V>iS^^ 


SrMF^i  TitETIC 

i   Bound  Ihp  first  fork  by  rapidly  gepftrating  thp  two  prongs  with  • 

ir  hy  rubbing  it  with  a.  violin  bow.    Notice  tlie  piteh.     At  t1i« 

eod  <jf  a  second  or  two,  loach  the  prongs  In 

I  _  Btop  tlieir  motion  and  soond.     It  will  be  Connd 

M  thnt  the  second  Inrk  haa  bpen  eet  in  mntion  bj 

jffu  the  repealed  blows  of  the  uir  and  is  ^vlog 

HI  forth  a  sound  of  the  same  pitch  ae  that  orif 

^^^^^^F  inally  produced   by   tlie  Gist   fork.      Fasten. 

^^^^^^B^fe^^^     by  meuns   of   wax,  a  8-cent   silver   piece  or 

^^^^^^Hj^H    other  Hrnall  weight  to  ont;  of  the  pronga  u[ 

^^^^H^P     the  eecoad  fork.      An   attempt   to  repeat  Wf 

Fig.  26g.  e^'pfriment  utiUfaU.      When  the  two  forks  «• 

in   unison,  their  periods  are  the  same.    The 

second  and  subttequent  pulses  sent  out  by  the  first  fork  strike  Ike 

second  fork,  already  vibrating  from  the  effect  of  llie  first  polae,  in 

the  same  phase  of  vibration  and  thus  each  adds  its  effect  to  that 

of  all  its  predecE.'SBors.     If  the  forks  be  not  in  nniaon,  tbmr  periodE 

1  be  difiisrenl  and  but  few  of  tile  successive  pulses  can  strike  th« 

3nd  fork  in  tlift  same  phase  of  vibration  ;  the  greater  number 

will  strike  it  at  the  wrong  instant. 


509.  Syiupathetic  Vibrations. — The  etriiig  of  a 

I  violin  may  be  niadu  to  vibrato  andiljly  by  sounding  iwar 
\  it  a  tuning-fork  of  the  same  tone.     By  prolonging  a  voe*! 
.e  near  a  piano,  one  of  the  wiiea  seems  to  take  up  tbe 
Iioto  and  give  it  back  of  its  own  uccord.     If  the  tone  be 
chunged,  another  wire  will  give  it  back.     In  enoh  am, 
that  wire  is  excited   to  audible  action,  which  is  able  to 
vibrate  at  the  same  rate  as  do  the  sonorous  waves  that  set 
it  in  motion.     Thus  tlie  vilmitions  of  the  strings  may  pro- 
duce sonorous  waves  and  the  waves,  in  tnm,  may  prixlucu 
vibrations  in  another  string.    The  most  important  feature 
^L  of  the  phenomenon  is  that  the  string  aimrhs  only  the 
^H  pnrticular  kind-   of  vibration  that  it   is  oajtable  of 
^^^  prochinng. 

I 


ExperimenX  6.— Strike  d.  \,Mwiig-toTt  \ield  in  the  hand.     Nntiw 
feeble  BOiind,     Strilte  ttie  foi^  fcRwn.  ».ni  ^w^^ju^if^ij^^; 


^^bdle  upon  at 


BOUXDIlfO    BOARDS.  ^V^^^H 

s  of  tbe  Buund  heard  ia  remark 


Experiment  7. — Strike  the  fork  and  hold  it  near  the  eat,  c^ouut- 
ing  the  number  of  eeconda  that  jmx  caa  bear  it.  Strike  the  fork 
agMD  with  equal  force;  place  the  end  of  the  baodle  on  the  table 
«nd  coimt  the  numbor  of  seconds  that  70U  can  bear  it. 

kilO.  Souiidlng-Boards.  —  In  the  case  of  the 
ometer,  piano,  violin,  guitar,  etc.,  the  BOimd  ia  dne 
more  to  the  vibrations  of  the  resonant  bodies  that  carry 
the  strings  than  to  the  vibrations  of  the  strings  tbem- 
selvea.  The  strings  are  too  thin  to  impart  enough  motion 
to  the  air  to  bo  sensible  at  any  considerable  distance  ;  but 
Its  they  vibrate,  their  trumore  are  carried  by  the  bridges  to 
tlie  material  of  the  sonnding  apparatus  with  which  they 
are  connected.  These  larger  surfaces  throw  lai^er  masses 
of  air  into  vibration  and  thus  greatly  intflnsify  the  sound. 
It  necessarily  follows  that  the  energy  of  the  vibrating 
body  ia  sooner  exhausted ;  the  sounds  are  of  shorter 
^aration. 

^^n.)  This  aouncliDt!  apparatits  usually  (-imeistH  of  thin  plecea  of 
Hnd  that  are  capable  of  vibrating  in  aaj  period  within  cettain 
VWts.  The  Tibrationa  of  thcBu  large  eurfacM.'H  and  of  tbo  enclosed 
wr  produce  the  eonorous  vibrationB.  Tlie  excellence  of  a.  Crpmona 
violin  does  not  lie  in  tbe  stringB,  whinb  may  have  to  be  replaced 
daily.  The  strings  are  valuable  tn  dtttrmine  thf.  rate  of  vibrali'm 
that  shail  be  produceii  (,§  510).  The  Pscellence  of  the  instrument 
depeiida  upon  the  sonorous  character  of  the  wood,  which  seems  lo 
improve  with  age  and  use. 

{b.)  Similar  remarks  appt;  to  tbe  tuning-fork.    Hence,  for  daaa 
e  experiments,  tuuing-forka  should  be  mounted  as  sbown 


Hleeture 


wrfment  8> — Support  horizontally,  twtweeo  two  fixed  sup- 
ports, a  soft  cotton  rope  a  few  yards  in  length.  With  a  stick, 
Mtrike  the  rope  near  one  piid  a  blow  from  Mow  aud  a  ct*sI  will 
Ite  forrned  as  fbown  in  Fig.  870.     Vary  the  tBnauitt  ol  ftw  io:^,\\ 


11  the  crest  in  eawly  soen.     Notice 
from  A  lo  B  where  it  is  reflected  back  to  ^4  «b  »  Irougb, 
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Experiment  9.— From  --I,  start  a  trough.     At  tlie  moment  of  Ht 

cBection  na  a  cresl  at  B,  start  u  oreet  at  ^  as  aliown  in  Fig.  271, 

I    The  two  creala  will  meet  near  tlie  middle  of  the  rope.     The  crest 

I  St  the  point  and  moment  ol  meeting  results  from  two  forces  acting 


i 


'    Id  the  same  direction,  coDseqaeotly  it  will  tit  greater  l.litui 
of  the  component  creeta. 

511.  Coincident  Waves.— In  the  case  of  water 
waves,  when  crest  ooincides  ivith  crest  the  water  reaches  a 
greater  height.  So  with  sound  waves,  when  condensation 
coincides  with  condensation,  this  purt  of  the  wave  will  bo 
more  cundeneed;  when  rarefactioii  coincides  with  rare&c- 
tiori,  this  part  of  the  wave  will  be  more  rarelied.  This 
increased  difference  of  density  in  the  two  pjtrts  of  the 
wave  means  iucreaaed  loudness  of  the  sound,  because 
there  is  an  increased  amplitude  of  vibration  for  the  pft^ 
I  ticlea  constituting  the  wave. 

ills.  Reinforcement  of  Honnd. — This  increasfl 

Kiuteasitj  may  rcBult  from  tiiu  blending  of  two  or  more 

ties  of  fiimilar  waves  io  W^e  'p\iasa^  at  ^'^  ^ 


direct  and  reflected  wft\ 

SB  in  like  phases.      Under  suck 

circumstanceH,  one  set  of  waves  ia  snid  to  reinforce  tho 

other.     The  phenoimnon,  is  spoken  nf  as  a  reinforce- 

me.nt  of  sound. 

Experiment  10. -Hold  >•  m 

iLDding  tuning-fork  over  tbe  moutli  of 

a  glass  jar,  18  or  20  inches 

deep;  a  feeble  BOimd   ih 

beard.   On  caretull*  pour 

\////MM*r'~>^ 

ing  in   water    «e   notice 

X_     ^'^n^f  ■**^^^ 

that     when     the     liquid     ^ 

'^^     ^^iP'^^Slk 

reacheH   a   certain    leiel  iM 

the    sound  suddenlj   b     ^ 

^t     \v  ■    mb 

cnmea  much  louder     Th 

^^Nai^^^^^^HlHS' 

wnter  haa   fihort<>Ded   llii- 

air  column  until  it  is  bWp 

a'  -m 

lo  vibrate  ia  nniBon  with 

Ibe  fork.     If  more  water 

H 

be  now  poured  in,  the  io- 

ill 

teneity   of   the    Bound   13 

n 

lessened.    If  a  fork  of  dif- 

terent  vibration  be  used, 

iB 

the   column    of   air    tliat 

M 

giveg  tbe  mflximam  reso- 

tm 

nance   will   i-ary.  the  air 

column  becoming  sborter 
as  the  rate  of  vibration  of 

—~-^mlh^ 

the   fork   increases.     The 

^^H 

length  of  tbe  air  columu 

is  one-fourtb  tlie  length  of  tli 

wave  t^roduced  bj  tbe  fork.               ^^^| 

513.  Ue»40iia»ce.~ 

Hesonatice   U  a   v^iety  of  th^^^ 

reinforcement  of  sound 

due  to  sympathetic   vibrations. 

The   TCBOiiant  effects   of 

solids   were   shown   in    §  510. 

The  resonance  of  an  aii 

column  was  well  shown  by  the 

last  experiment. 

(,i.)   Fig.  Sra  rcpnwut!!  Savan'H  ln.ll  imd  reBcmntor.     The  bell. 

on  being  rublted  with  tbc>  bow 

!b  a  tube  with  a  movable  but 

I    acHtau  U  cbaaged  bj  means 

of  tUs  moviibto  YkAIwox.    tXis  y*aft       | 

IngA.    Tiej  an  mrUXbc  ^bs^  onrij  qdwrial, 

>■  M  J   n  F^  974. 

Car    tlM.  aJMMeJMi     of 

fstiBeMMped  pnjec- 
tion  St  ^hwi  man 
ifpautigmnd  is  iaeerled 
in  the  onto-  ear  of  die 

ohMTTer. 

_        ,       ,  Fig.  27+. 

Experiment    II,— UBing 
Ihfi  mps  BB  d<«crib»j  in  Eiporiment  8,  sian  s  crest  st  A.     At  lJi» 
moineal  of  iia  reBpctioD  at  £  as  a  tmngh,  slan  a  secood  mbM  U  A 
TIw  trmigli  and  creat  will  meet  near  the  middle  of  the  rope.    The 


-M^ 


IT"  Ht  Mn  tlniB  mid  jiIwh  will  \io  urged  upward  !)y  the  crest 
^rtwwBWdKi  by   Ihu  trougli,     Tlic  rcBiiltaint  t^HWc.i  of  these  <.piK»ii 
wJH,  of  luiiinn,  be  oi\uii\  Vi  i-VeVt  SvW?TO,wifc,     W  t»«t  »i 
I'ffHVt  •fwl  lorn*)  ^  d\S«i«»<»  ^\'&^  w 


jP 


\xt:  motion  of  tlie  rope  gt  tbo  ueetiog  of  cresl  anil  troiigh  will  be 
ittle  or  nothing.  Thm  one  itate  motion  may  be  made  to  deiCrog  the 
•ffeet  of  ariotkei-  team  motion. 

Experiment  12. — Hold  a  rihratlDg  tuning-fork  near  tht'  car  ond 
^nwlj  tarn  it  Imtween  the  fingers.  Daring  a  single  complete  rota- 
tion, four  positionH  of  full  soand  and  four  poailiuna  of  perfucC  silence 
will  be  fooBtl.  When  a  Bide  of  the  fork  is  parallel  to  the  ear,  the 
Bound  is  plainly  audible  ;  when  a.  comer  of  a  prong  is  turned  toward 
the  ear,  the  WiWi  from  one  prong  aompleltly  drUicy  the  vxiwt  gtartef! 
6j  the  other.     The  interference  is  complete. 

Experiment  13.— Overan^eonantjar.as  shown  in  Fig.  373,  elowly 
turn  a  vibratiog  tuning-fork.     In  four  ixwltions  of  the  fork  we  have 


Fig.  276. 

I  four  other  positions  we  have  complete 
If.  while  the  fork  ib  in  one  of  these  positions  of  inter- 
fareQce.  n  pastehoard  tube  be  placed  around  one  of  the  vibratjug 
|ir<^ngB,  a  resonant  tone  is  instantly  heard ;  the  canae  of  the  inter- 
ference baa  l>een  removed.     (Fig.  276.) 


fil3.  Interference  of  Honml.  -If ,  while  a  tuuing- 
:  Is  vibrating,  a  secund   fork  be  Bet  wi  ■s''iK^V3a.>'^'4 


I.YTERFERENVE   OF  SOUND.   ' 

vuTCB  &om  the  second  muGt  traverse  llie  tur  set  la  ntgtwi 
by  the  former.    If  the  waves  from  the  two  forka  be  o 


equal  length,  as  will  be  the  case  when  the  two  forks  have 
3  aainfi  pitch,  and  the  forka  be  any  nnmbtr  of  whole 
wave  lengths  apart  {Fig.  277),  the  two  seta  of  wavee  will 
unite  in  like  phases  (condensation  with  condensaUon, 
etc.),  and  a  reinforcemeDt  of  sound  will  enaus.  Bat  if  the 
aecond  fork  be  placed  an  odd  nunilier  of  half  wave  lengths 
behind  tiic  other,  the  two  series  of  wavea  will  meet  in 
opposite  phases ;  whi^re  the  first  fork  requires  a  condensii- 
tioD,  the  second  will  require  a  rarefaction.  The  two  sets 
of  waves  will  interfere,  the  oue  with  the  other.  If  the 
waves  be  of  equal  intensity,  the  algebraic  aum  of  thesa 
component  forces  will  be  zero.  The  air  particles,  thna 
acted  upon,  will  remain  at  rest ;  this  means  silenoe.    ^ 


■■■■■ll 


Fig.  278. 

Fig.  278,  an  attempt  is  made  to  represent  this  effect  to 
.  the  pye.  the  uniformity  of  tint  indicating  the  absence  of 
r  coxili'ii^iitious  and  rarefact itins.  T/iux.hf/  adding  «iWHd 
l/y  sonntl,  bath  may  be  destroyed..    THu  yi  iba 


in^  characteristic  property  of  wave  motion.  The 
pJienomenon  here  described  i«  called  interference 
of  sound. 

(a.)  The  aonnd  of  a  vibrating  tunlog-frirk  held  In  the  hftnd  is 
ftlmoat  inaudible.  Tlio  feebleneas  resulta  largely  from  interference. 
As  the  prongs  always  vibrate  in  opposite  dinwtions  at  the  same 
time,  one  demands  a.  r&refaction  nhere  the  otk<!r  demands  ■  con- 
densation. By  covering  one  vibrating  prong  with  a  pasteboard 
tube,  the  soond  la  more  easily  heard. 

Expertment  I4.~ln  a  qTiint  room,  strike  simultaneonsly  one  of 
the  lower  white  keys  of  a  piano  and  the  adjoining  black  key.  A 
series  of  palpitations  or  beaU  will  be  heard. 

Experiment  15. — Bimultaneously  Bonnd  the  two  tuning-forks 
described  in  Experiment  5,  one  being  loaded  as  there  mentioned  \ 
the  beats  will  be  very  perceptible.  Replacing  the  3-cent  piece  suc- 
cessively by  a  silTer  half-dime  and  a  dime,  the  number  of  beats  will 
be  sncceasivelj  increased. 

516.  Beats. — If  two  tuning-forks,  A  and  B,  vibratiug 
respectively  S5o  and  :^56  times  a  second,  he,  eet  in  vibration 
at  the  same  time,  their  first  waves  will  meet  in  like  phases 
and  the  result  will  he  an  intensity  of  sound  greater  than 
that  oi  either.  After  half  a  second,  B  having  gained  half 
a  vibration  upon  A.  the  waves  will  meet  in  opposite  phases 
and  the  sonud  will  be  weakened  or  destroyed.  At  the  end 
of  the  second  wo  shall  have  another  reinforcement;  at 
the  middle  of  the  uest  second  another  interference.  Tliis 
fjeculiar  palpitating  effect  is  due  to  a  succession 
of  reinforcements  and  interferences,  and  is  called 
n.  beat.  The  number  of  beats  per  second  equals  the  dif- 
ference of  the  two  numbers  of  vibration. 

(o.)  If  two  large  organ  piiiPB.  having  exactly  the  same  tnne,  b^ 
sininllaticoiisly  sounded,  a  low.  louii,  uniform  sound  will  lie  pro- 
dutreil.  If  an  a||ertnre  be  made  in  the  upper  part  of  one  of  IIh' 
e  of  the  pipes  and  cloeed  by  a  moy«.\i\e  ^'\b,Vq,'Aui\jqu% 


I 
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produced  by  tho  pipp  may  he  changed  at  will.  The  more  the  aper 
ture  is  opened,  the  higliLT  the  pitch.  In  this  manner,  uliff/illg  raisr 
tlie  pitch  lit  ODC  of  the  pipes.  If  tho  pipes  be  miunded  in  Guccesaiaii. 
even  a  trained  ear  wonld  proLmtily  fail  to  detect  any  difference.  II 
they  be  sounded  mmnltaneoosly.  the  Bound  will  be  of  varying  lond- 
ness,  veiy  marked  jerks  or  [^pitationa  beings  perceptible. 


517.  Practical  Effect  of  Beats.— The  human 
eiir  muy  recognizt^  iibont  38,000  iliffereut  soiinds.  If  a 
string,  for  example,  vibrating  400  times  per  second  were 
sounded,  and  one  vibrating  401  times  per  second  were 
subseqiiently  sounded,  the  ear  wonld  probably  fail  to  detect 
any  difference  between  them.  But  if  they  were  eoiindd 
simultaneously,  the  presence  of  one  beat  each  second  would 
clearly  indicate  tho  difference.  Unaided  by  the  beats,  thi' 
ear  can  detect  about  one  per  cent,  of  tho  38,000  BOHoda 
lying  within  the  range  of  the  human  ear.  Beats  8W, 
therefore,  very  important  to  the  tuner  of  muBical  iustra- 
ments.  To  bring  two  slightly  different  tones  into  nniSOO, 
he  has  only  to  tunc  them  bo  that  the  beats  cease. 

518.  Vibrations  of  Strlnirs.— The  laws  of  mnsienl  t(»« 

are  most  conveniently  Btudied  by  means  of  stringed  instrnmentc. 
In  the  violin,  etc.,  the  strings  are  set  in  vibration  by  bowing  iheiu. 
The  hiiirB  of  the  bow.  being  rubbed  with  rosin,  adhere  to  the  siring 
and  draw  it  aside  until  slipping  takes  place.  In  springiitig  back. 
the  strinR  is  quickly  caught  a^io  bj  the  i>ow  and  tlin  same  actiDS 
repeated.  In  tlie  harp  and  guitar,  the  strings  are  pluckeil  with  tbt 
finger  In  the  pinno,  the  wires  are  Btmcfc  by  little  leather-fflwd 
hammers  worked  by  the  keys.  The  vibrations  of  the  string,  and 
con^quently  the  pitch,  depend  npon  the  string  itselC  Th« . 
of  prodncing  the  vibrations  has  no  efiect  upon  the  pitdv 

.519.  Laws  nf  the  Vibrations  of  Strlnil 

WT}u-  /lifldwing  iire  important  laws  of  niusiq^l  strings: 
( I.)  Other  cond'itioiia  \i6'ms  ft\ft  sraait,  '^t  t 


VIBRATIONS    OF  STRIHeS.  399 

Bbralions  per  socoud  varies  iiivei-sely  m  the  length  of  tho 


'  {£.)  Other  conditions  being  the  sume,  the  number  of 
hbrationg  per  second  juries  directly  as  the  aqaare  root  of 
■e  stretching  weight,  or  tension. 

[3.)  Other  eonditione  being  the  same,  the  number  oi 
nbrutions  per  second  variea  inversely  as  the  square  root  of 
i  weight  of  the  string  per  linear  unit. 

I  («.)  AH  of  these  laws  may  tw  roughly  illustrated  by  means  of  a. 
tolin.  'I'he  lengtli  of  the  Btring  may  be  altered  by  fingering ;  thu 
n  way  be  changed  by  meaua  of  the  screws  or  keys ;  the  efiecta 
of  the  third  law  may  be  Hhown  by  the  aid  of  the  four  atrings. 

(6.)   For  the  iUuHtmtion  of  these  laws,  the  sonometer,  ehowii  in 
Slg,  379,  is  generally  used.     The  length  of  the  string  is  detBrmined 


by  the  iwo  fliod  bridges,  or  by  one  of  them  and  the  movable  bridge 
which  may  be  employed  tor  changing  the  length  of  the  vibrating  part 
of  the  string  ;  the  leoBion  Is  regulated  by  pegB  or  by  weights  tlial 
may  be  changed  at  pleasure ;  the  third  law  may  be  verified  by  using 
different  Btrlngs  of  known  weights.  Icon  and  plalinnra  wires  of  the 
same  diameters  are  freqaently  used  for  this  pnrpose.  (Appt^odix  Q.) 
{(-)  From  these  laws  tt  follows,  for  example,  that  a  at.ring  of  half 
the  length,  or  four  limfw  the  tension,  or  one-fourth  the  weidht  of  a 
irivcn  string  will  vibrate  just  twice  as  fast  as  the  given  filrlng,  i.e., 
twice  as  fast  on  account  ol'  nny  onf  of  thifit^  t.liree  variations.  A 
slrinff  of  one-third  the  length,  or  nine  times  the  tension,  or  one 
ninth  the  weight  of  a  given  string,  will  vttirftlo  V^nee  \\mcft  fta  \*» 
^  the  given  etring :  and  so  on. 


I 
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530.  The  Musitial  Scale. — St&rting  from  auj 
arbitrary  tone  or  absolute  pitcb,  the  voice  rises  or  &1U  iu 
a  manner  very  pleasing  to  the  ear,  by  eight  steps  or  inter- 
vala.  The  whole  series  of  musical  tones  may  be  divided 
into  octaves,  or  groups  of  eiglifc  tones  each,  the  relation 
between  any  two  members  of  one  group  being  the  same  as 
the  relation  between  the  corresponding  members  of  any 
other  group.  Tbe  eighth  of  the  first  group  becomes  the 
first  of  the  second.  The  intervals  between  the  succeasive 
tones  are  not  the  same,  as  will  be  seen  from  tbe  next 
paragraph. 

sal.   Relative  Nunibers  of  Vibrations.— A 

string  vibrating  half  as  rapidly  as  a  given  string,  will  give 
its  octave  below :  one  vibrating  twice  as  rapidly,  its  octave 
above.  The  ratio  of  the  number  of  vibrations  Ciu'reBpond- 
ing  to  the  interval  of  an  octave  is,  therefore,  1:2.  The 
relative  number  of  vibrations  corresponding  to  the  tonM 
that  constitute  the  major  diatonic  scale  (gamut)  are  HB 
follows : 


BelatM  Namw,  -       -               1,  3,  3,  4,  5,  6,  7,  8- 

Abmifae  Namtt,              ■       -    C,  D.  E,  F,  Q,  A,  B,  C 

SyibMet.      -        -        .        ■        do,  re.  mi,  fa,  tol,  la,  «>',  do. 

Jidatine  Nttm6#rsef  Vibratiant,  1,  |,  J,  ),  },  J,  Y-  ^ 

24,  27,  Mi  32,  SB,  40,  40.  48- 

53a,  Absolute   Numbers   of  Vibrations.— 

Knowing  the  number  of  vibrations  that  constitute  the 
tone  called  do,  tbe  ubsohite  nnmber  of  vibrations  of  any 

if  the  other  tuni'S  "!  tbe  scale  may  be  obtained  by  niulti- 
'Ijiiig  the  number  of  vi\ii:a.ttoiia  «f  'lo  b^  the  ratio  between 

flud  that  of  the  given  toneja&ftVoNnvftlemft.  "^ 


ABSOLUTE  FITCH. 

jive  266  vibrations  per  eecond,  G  will  have  256  x  |  =  384 
feratioiia  per  eecond  ;  ita  octane  will  have  513 ;  the  fifth 
s  octave  will  have  512  x  g  =  7G8.     If  /'  be  given  352 
rations,  0  will  have  362  -^  ^  —  361     Thus,  knowing  C, 
my  given  tone  may  have  ita  number  of  vibrations  deter- 
mined by  multiplying  by  the  proper  ratio. 

5S3.  Absolute  Pitch. — The  number  of  vibratlona 
constituting  the  tone  called  C  is  purely  arbitrary.  The 
aasignment  of  256  complete  vibrations  to  middle  G  is  com- 
mon, but  the  practice  of  musicians  is  not  uniform.  A 
certain  tuning-fork  deposited  in  the  Conservatory  of  Music 
at  Paris  is  the  standard  for  France;  it  assigns  261  vibra- 
tions per  second  to  middle  C.  The  standard  tuning-fork 
adopted  by  English  musicians  and  deposited  with  the 
Society  of  Arts  in  Loudon,  gives  364  vibrations  to  middle 
C  Multiplying  the  numbers  in  the  last  line  of  §  531  by 
11,  we  shall  have  the  absolute  numbers  of  vibration  for  thu 
several  tones  of  the  gamut  corresponding  to  this  standard. 

(a.)  Whatever  be  tlie  stBadanl  thus  acJopted,  Rti  iDstmment  will 
be  in  tune  when  tlie  relation  number  of  vibrations  ia  correct.  The 
string  that  produces  the  tone  Q  tnuBt  always  vibrate  three  timEs 
while  the  one  producing  C  vibrates  twice,  or  30  limes,  while  the 
latter  vibratea  24  times.  While  the  strinfr  yielding  D  Tibrates  37 
times,  the  string  yielding  S  mast  vibrate  45  times  ;  and  so  on. 

(fi.)  Middle  0  ia  the  tone  sounded  by  the  key  of  b  piano  »t  the  left 
of  the  two  black  keys  near  the  middle  of  the  key-hoard.  It  is 
designated  liy  G\.  (See  Esp.  10,  p.  404.)  Ita  octaves  Lielow  and  above 
are  designated  as  follon's  : 


Cj, 


Oi. 


534.  Puiiclaiiieutul  Tones  and  Overtones. — 

A  string  may  vibrnfo  transversely  as  a  whole,  or  jis  inde- 
pendent segments.  Such  segments  will  be  aliquot  purls 
of  tjje  whole  string  juid  separate<i  trgm  qwjV  Q\.Vet\i-^  yiNw'wi 


FUNDAMENTALS   AND   aABXOJf. 


of  no  motion,  called  nodes  or  nodal  points.  TTie  tone 
produced  by  the  vihraiions  of  the  whole  length  of 
a  string  is  called  Us  fundamental  tone.  The  tones 
prod-uced  by  the  vibrations  of  the  segments  of  a 
string  are  called,  its  overtones  or  harmontos. 

(a.)  Tlie  fanX  that  a  Htriag  may  l.hns  vibraM  in  BegmenM,  with  tbt 
further  fact'tbat  a  ^ring,  oi  other  Bounding  body,  con  Imrdl^  lie  nuule 
toviliTBie  aa  a  whole  without  vibrating  in  eugmentBat  the  same  limx. 
f  nmisliea  u  means  of  explaining  qoality  or  timb}t  of  eound.     {%  403.1 

525.  Fuudatnental  Toues.  —  When  a  atriug 
vibrates  so  ae  to  prodnre  its  fundamental  tone,  its  estremt; 
poBitiona  may  ba  rdprosetiteil 
by  tbe  tjontinaoag  and  the 
^■'«-  =80.  dotted  lioes  of    Fig.    860. 

ThU  effect  is  obtained  by  leaving  the  string  free  aDfl 
bowing  it  near  one  of  its  ends.  If  a  nnmber  of  little 
strips  of  paper,  doubled  in  the  middle,  be  phieed  like  liden 
upon  the  string,  and  the  string  Im) wed  as  justdoaoribed, 
all  of  the  riders  will  be  thrown  ii])  and  most  of  them  oB. 
This  shows  that  the  whole  string  vibrates  as  one  strisif; 
that  there  is  no  part  of  it  between  the  fixed  onda  tlut  6 
not  in  vibration. 

536.  The  First  Overtone.— If  the  string  of  ^ 
sonometer  be  touclied  esaetly  jit  its  middle  with  a  fln^rit 
or  better,  with  a  feather,  a  higher  tone  is  prodnced  nbB 
the  string  ia  bowed.  This  higher  tone  is  the  oclave  ftf  tte 
fundamental.    The  string  now  ribrates  in  snch  a  way  that 

kthe  point  tonohed  remain.^;  C  tr  a 

Kt  rest.     Its  extreme  pnsi-  -^  "^s^^er",  -rr- 

tions  may  be  represented  ^'"^-  '8t. 

tiy  the  lines  of  Fig.  381.  The  poiiit  A'  is  acted  upon  U 
Iro  eqnal  aud  opposite  iorce&-,  \\.  x's. -m^  ^n-mg^t 


i  at  the  same  time  and,  consequently,  does  not  move 
.at  all,  but  remains  at  rest  as  a  node.  The  tone  is  due  to 
the  vibrations  of  the  two  halven  of  the  string,  which  thus 
give  the  octave  instead  of  the  fundamental.  The  existence 
of  the  node  and  segments  will  continue  for  some  time  after 
the  finger  is  removed.  If  riders  be  placed  at  C,  iVand  D, 
the  one  at  A"  will  remain  at  rest  while  those  at  C  and  D 
will  probably  be  dismounted. 

537.  Higher  OvertimeM.— In  like  manner,  if  the 
vibrating  airing  be  louuhed  at  cxaetly  ouc-third,  one-fourth 


or  one-fifth  of  its  length  from  one  end,  it  will  divide  into 
three,  fonr  or  five  segments,  with  vibrations  three,  four  or 
five  times  as  rnpli]  us  the  fnndamentiil  dbi-ations.  I! 
tonched  at  one-third  its  length,  as  represented  in  Fig.  ^82, 


QVALirf  OF  souyo. 

if  touched  at  one-fourth  its  length,  the  tone  will  be^ro' 
Becond  octave  above.     Of  course,  any  other  aliquot  part  of 

the  length  of  the  string  may  be  used.     In  any  caae,  tbe 
experiment  with  riders  may  be  repeated   to  indicate 
position  of  the  segments  and  nodes. 

538.  Quality  ur  Timbre. — As  a  sounding  body 
vibrates  as  a.  whole  and  in  segments  at  the  same  time,  tlic 
fundamental  and  the  harmonics  blend.  The  resultmir 
effect  of  this  blending  of  fundamentals  and  harmonios  eo»- 
stitutes  what  we  call  the  quality  or  timbre  at  the  sound. 
We  recognize  the  voice  of  a  friend,  not  by  its  louduesa  nor 
by  ite  pitch,  but  by  its  quality.  When  a  piano  and  viulin 
sound  the  same  tone,  we  easily  distinguish  the  sound  of 
one  from  that  of  the  other,  because,  wh  ile  the  fUtidamentaU 
are-  alike,  the  harmonics  are  different.  Hence,  Iks  total 
effects  or  the  fundamentals  and  the  harmouics,  or  thi< 
qualities,  ur^  different.  The  poBsible  combinations  of  fun- 
damentals and  harmonica,  or  forms  of  vibratory  motion. 
are  innumerable. 

Experiment  16. — Take  j-our  seat  before  the  luj'-boenl  oTa  jatM. 

la  and  hold  down  tho  key  of  "  middle  (',"  mark-etl  ]  in  Fig.  281 


which  repreBBula  |iart  of  the  kpy-board.  This  will  lift  the  damper 
from  the  cnrrespondiog  fmao  wire  and  leave  it  free  to  vibnw. 
Strongly  stritu  the  hey  of  C,  an  octave  lielow.  Hold  this  ke»  inn 
I  fpw  seraindH  and  then  remove  the  finger.  Tlie  damper  will 
L  &U  upon  Che  vibrating  wire  uaiV  \in-a%  A  Vi  v/ai..  When  tbe  aovii 
(f  f"  bw  died  away,  a  s&uud  oj  TiifllMn-  "piJdi  "i*  1u»it4.  tXKVM 


eorfefiponda  to  tlie  wire  of  1.  which  wire  1b  now  vibrating.  These 
vibrstiooB  are  Bympalhetic  with  tUrjae  that  produced  the  first  ovei- 
tonea  of  Iho  wire  that  whs  slruck.  TKete  vihratioiiK  in  tlm  aire  of 
I  proeti  C/us  preii(nr[  of  the  Jirat  iroertone  in  the  mbriiUng  wire  of  C. 
(See  g  500.) 

In  elniilac  Toanner,  succeasivelj'  raise  the  dampers  from  the  wires 
of  2,  a,  4,  5,  ia  and  7.  striking  C  each  time.  TbeHe  wires  will  accu- 
muhite  tiiB  energy  of  the  waves  that  correspond  to  the  respective 
oveMones  ol  the  wire  of  G'  and  give  forth  each  its  proper  tone. 
Thun  iM  iinalyte  Ike  tound  of  the  wire  ofC  and  prove  that  at  leant 
aeeen  ocerlont»  are  blended  viitA  ilt  fundamental. 

Some  of  these  tones  of  higher  pitch,  thue  produced  by  vibrationii 
ai/mpatheiie  leah  (A*  uSiratiom  of  the  eegiaents  of  the  wire  of  0' .  are 
feebler  than  others.  This  shows  that  the  quality  of  a  tone  dependa 
upon  the  relative  intensities  as  well  as  the  number  of  the  i>' 
that  blend  with  .the  (iiudamentaL 


539.  Simple  ami  Compuund  Tones.  — The 
well  trained  ear  can  detect  several  sounds  of  different 
pitch  when  a  single  key  of  a  piano  is  struck.  In  other 
words,  the  sound  of  a  vibrating  piano  wire  is  a  compound 
sonnd.  The  sound  of  a  tuning-fork  is  a  fairly  good 
esample  of  a  simple  sound.  Simple  sounds  all  have  the 
same  quality,  differing  only  in  loudness  and  pitch, 

(i.)  A  series  of  Helmholtz's  resonators  enables  the  student  of 
Bcooetics  to  Bualyie  any  compound  sound.  Each  component  tone 
ma;  be  reprodnced  by  a  tuning-fork  of  appropriate  pitch.  By 
BOuading  simnltaneously  the  necessary  number  of  forks,  each  of 
proper  pitch  and  with  appropriate  relative  intensity,  Helmfaoltz 
showed  that  the  sounds  of  mnaical  instruments,  including  even  the 
moat  wonderful  one  of  all  (ibe  liumnn  voice),  may  be  produced 
synthetically. 

530.    Classes    of    Musical    Instruments.  — 

Musical  instruments  may  be  divided  into  two  classes, 
stringed  instruments  and  wind  instruments.  The  Bounds 
sent  fortii  by  stringed  instruments  are  due  to  the  regular 
ribrations  of  solids;  thoee  sent  forth  \iy  ^mi  \Ti*\;nnofeVL'yfc, 


W'tc  the  regular  vibmlioiis  of  coliiniDS  of  air  confined  iji 
I  Bonoroue  tubes. 

I      531.  8ntiorou»  Tubes. — The  material  of  which  t 

\  «)Qorou3  lube  ie  mude  does  not  affect  the  pitch  or  lood- 

■  ueas  of  the  sound,  but  does  determine  its  titnbre  or 
K  qnality.     Sonorous  tnlieB  are  called  mouth  pipes  or  reed 

■  pipes,  according  to  the  way  in  which  the  column  of  sirie 
i  made  to  vibrate. 

I       533.  Btopped  Pipes. — A  sonorons  tube  maj  have 
I  one  end  stopped  or  both  ends  open.     In  either  caaCi  tlie 
I  tones  are  due  to  waves  of  condensation  and  rarefaotieii 
transmitted  through  the  length  of  the  tube.     In  a  stopped 
pipe,  the  air  particles  at  the  closed  end  have  no  oppor- 
tunity for  vibration ;  this  end  of  the  tube  is,  therefore,  a 
node.    The  mouth  of  the  tube  affords  opportunity  for  the 
^    greatest  amplitude.     The  length  of  guch  a  pipe  h  one- 
I    fourth  the  wave  length  of  its  fundamental  tone. 

I  533.  Ol>en    Pipes. — In    an    open  pipe,   the    eade 

I  afford  opportunity  for  the  greatest  amplitade  ;  the  node 

I  will  fall  at  the  middle.     The  air  column  will  now  equal 

I  one-half  tlie  wave   length ;   the  tone  will   be   an   octave 

I  higher  than  that  pr*)duced  by  a  stopped  pipe  of  the  same 

I  length. 

[  534.  Orgau  Pipes. — The  organ  pipe  atforda  Uw 
I  best  illuatratiou  of  mouth  pipes.  Fig.  384  represents  Ihe 
k  most  common  kind  of  organ  pipe,  which  may  bo  uf  wood 
Hwr  metal,  rectangular  or  cylindrical.  The  air  current  fmra 
^Bie  bellows  enters  throw^x  P,'pvi»»fca\\\.Uiftsmall  ohamber, 


emerges  tliroiigli  the  iihjtow  eht,  i  and  eecapea  in  puffs 

bttwLeu  a  ind  b  the  two  lips  of  thi,  mouth     The  puffi 

arc  due  to  the  fact  that  tlie  an   cur 

rent  from  t  8tnkea  npoii  tht)  benlkil 

lip  a  and  breaks  into  a  flutter      fhp 

puffing  sound  thus  produLid  toiu-iot 

oi  a  confused  mixture  of  m  un  iaiut 

souuds     The  air  column  of  tlie  pipe 

can   resound  to  onlv  one  of   theat 

tones        Ihe    resonance    of    the    ait 

colnnin  brought  about  in  this  wa\ 

constitutes  the  tone  of  the  pn>e 

(ffl )  V\  e  see  from  the  above  that  it 
make  little  difference  how  the  pulaes  ! 
tar  are  priduced  A  iibratiog  tuning- fork 
Uild  at  the  month  of  a  pipe  of  the  eam 
pitch  Is  enough  to  make  the  pipe  soai  I 
forth  its  tone  The  priduction  of  the  tonp 
la  Btrictlj  analogoua  to  the  phenomena 
mentioned  in  ^  513 

535    Reed    Pipes — A   simple 
teed  pipe  may  l)e  made  bj  cutting 
a  piece  of  wheat  straw  eight  mchea  (20  cm 
SB  to  hare  a  knot  at  one  end       At  ?     about  an  inch 


long   so 


Fig.  285. 
from  the  knot,  eut  inward  about  a  quarter  of  the  straw's 
diameter;  turn  the  kuife-blade  flat  and  dritw  it  toward 
the  knot.  The  ati-ip,  rr',  thus  raised  is  a  reed ;  the  straw 
itself  is  a  reed  pipe.  When  the  reed  is  placed  in  the 
^guthj  the  Ujis  firmlj  closed  aroiiivd.  tVie  feV^raw  \ifc'f«wett 


I 


r  and  s  and  the  breath  driven  through  the  apparatna,  the 
reed  ^ibratee  and  time  prodacea  vibrations  in  the  uir  cijl- 
iimn  of  the  ivheatcn  pipe.  Notice  the  pitch  of  the  niuaical 
Bound  thuB  prodiK'od.  Cut  off  two  inches  from  the  end 
of  tho  pipe  at  s.  Blow  through  the  pipe  ae  bt-rure  and 
notice  that  the  pitcli  is  raisetl.  Cut  off,  now,  two  inch** 
more,  and  upon  Bounding  the  pipe  the  pitch  will  lie  fouuii 
to  be  still  higher.  We  thus  see  tliat  the  pipe  and  not  tii« 
reed  determines  the  pitch.  In  these  three  caseawe^ 
the  same  reed  wfaieh  was  obliged  to  adapt  itself  to  the 
different  vibrationa  of  the  different  air  columns. 

(a.)  It  will  be  eaailj  scph  bow  reeds  may  be  used  Fn  piosicsl 
instruments.  The  acconleon,  clarionet  and  vocal  appuratiis  ore  reeil 
instruments. 

536.  Effect  of  Lateral  Openings.  —  Certain 
wind  inBtmments,  like  the  flute,  fife  and  clarionet,  have 
holes  in  the  sides  of  the  tube.  On  opening  one  of  these 
holes,  opportunity  is  given  for  greatest  amplitude  at  that 
point.  Thitj  changes  the  distribution  of  uodee,  ufiecta  tlie 
length  of  the  segments  of  the  yibrating  air  columns,  «i<l 
thus  determines  tlie  wave  length  or  pit^-h  of  the  tone. 


LI.  If  a  laoBical  sonnd  be  doe  Ui  144  vibrations,  to  how  maiij  ribn- 
tiooa  will  its  3d,  5lh  and  octave,  respectively,  be  dne? 
3.  Determine   the  lengrh  uf  a  tube  open  at  both  emls  tlisi  raio 
rewiimd  tu  tbe  tone  of  a  tuning-forh  vibrating  S12  times  a  seuonii. 
3.   A  certain  string  vibcates  100  times  a  aecoiid.     (n. )   Pind  llit 
number  of  vibrationa  of  a  simiiar  string,  twice  us  long,  streklied 
by  the  same  weight,     {b.  I  Of  one  half  aa  long. 
4.  A  certain  string  vibrates  100  times  per  second.     Find  ibo  txtBr 
ber  or  vibrationa  of  another  string  that  ia  1w!c«  as  long  and  wiugla 
four  times  as  much  per  font  and  is  strrtcheil  liy  tile  aamf  weigtiL 
C.   A  fflUBicaJ  string  vlbralw  4W1  rttnw  51  wsKmi.  »*Ss. 


tnkea  p\are  when  the  string  is  lengtlieaed  or  ehortened  vrith  no 
change  of  lension,  and  (6.)  what  change  takee  place  when  the  lenaion 
is  made  more  or  less,  the  length  remaining  the  same. 

6.  A  lulra  open  at  both  ends  is  tii  produce  a,  U>nti  curn^Hpondlng 
(a.)  to  33  vibrations  per  second.  Taking  the  velocity  of  sound  as 
1120  ft.,  find  the  length  of  the  tube,  (fc.)  If  tbe  number  of  vibra- 
tJODS  be  4460,  find  the  length  of  the  tube. 

7.  (a.)  Mnd  the  length  of  an  organ  pipe  whose  waves  are  four 
feet  long,  the  pi[)e  being  open  at  both  ends,  (h.)  Find  the  length. 
tbe  pipe  being  clneed  at  one  end. 

8.  A  Inning-fork  produces  a  strong  roBonance  when  hold  over  a 
jar  15  inches  long,  (ii, )  Find  the  wave  length  of  the  fork,  (fi.)  Find 
the  wave  period. 

3,  If  two  tuning-forks  vibrating  respectively  266  and  360  limes 
per  second  be  EtimuttaneouBly  sounded  near  each  other,  what  phe- 
nomena would  follow  1 

10.  A  musical  string,  known  to  vibrate  400  times  a  second,  givea 
a  certain  tone.  A  second  string  Bounded  a  moment  later  seems  to 
give  the  same  tone.  When  sounded  together,  two  beats  per  second 
are  noticeable,  (a.)  Are  the  strings  in  unison?  {b.)  If  not,  what  is 
the  rate  of  vibntion  of  the  second  string ! 

11.  If  a  tone  he  produced  by  366  vibrations  per  second,  what  num. 
bera  will  correspond  to  it«  third,  fifth  and  octave  respectively  f 

13.  If  a  tone  lie  produced  bv  264  vibrations  per  second,  what 
number  will  repreaont  the  vibrations  of  the  tone  a  fifth  above  itB 
octave.  Ana.  762. 

Becapituliition.^In  this  section  we  have  considered 
the  Telephone  and  Phonograph ;  Sympa- 
thetic Vibrations  and  the  Resonance  of 
Sounding  Boards  and  Air  Columns;  Ite- 
inforeement  and  Interference  of  superptiaed 
waves,  including  the  phenomenon  of  Beats ;  Vi- 
brating Strings  ;  The  Musical  Scale  and  Its 
relation  to  Number  of  Vibrations  and  Pitch  ; 
Tinnbre  and  its  dependence  npon  Fundamentals 
and  Harmonics ;  Simple  and  Compound 
Tones,  their  Synthesis  and  Analysis;  Musi- 
cal  InstrunYents 


Review  Que8tion3  and  Exerci8es. 

1.  (o.)  Defino  maod  ;  (b.)  give  its  cause ;  (e.)  mode  of  pro 
Bud  (d.)  Telocity. 

2.  («,)  Give  tlie  rate  at  which  sound  is  traDsmitted  I 
How  is  it  affected  by  temperature?    (c)  Give  tlie  law  at  BeDeeiioiL 
(d.)  How  may  it  be  Ulustrutedt 

3.  (a.)  Wlittt  is  rapillary  attraction  !  (6.)  QWe  three  illastratlDM 
of  the  importance  of  cai^illary  action  in  the  operation 

4.  (a.)  Describe  an  eiperimenl  s\iowing  the  expanaibilitj  ot  the 
air.    (i.)  Give  tlie  laws  ol  t)iB  Pendolmn. 

9.  (a.)  On  what  does  the  louduees  of  sound  depend?  (t.)  How 
may  the  pil4?h  of  strings  be  varied  1  (e.)  Qive  the  relative  number 
of  vibrations  in  ilie  lui^or  diatonic  soile  and  (d.)  find  the  ntimber  ri[ 
vibrations  for  A;. 

6.  ((I.)  Hepreeent  by  a  itiagram,  a  lever  of  the  Grst  class,  in  whidi 
one  poand  will  balance  five.     (&.)  Give  tlie  laws  nf  fklling  bodies. 

7.  Explain  the  Artesian  weil  by  a  diagram, 

8.  (a.)  What  will  Im  the  momeoinni  of  a  hail  weighing  two  ouii 
after  falling  4j  seconds?    (b.)  A  stone  weighing  30  lb.  od  ittH  fiir- 
faca  of  the  earth,  would  weigh  how  much  at  an  elevKtion  of  dOSD 
miles  from  the  surface  t 

».  Define  (a.)  wave  length  ;  (6.)  wave  period ;  (e.)  unpUtode  of 
vibration  ;  (d,)  pliase  nf  a  vibrating  particle, 

10.  (a.)  What  would  be  the  effect  of  making  a  small  hole  al 
highest  point  of  a  siphon  in  action  ?  (b.)  Wha.1  effect  upon  the  kctbn 
of  a  siphon  would  be  piodaced  by  carryini;  It  up  a  mountaint  (c.) 
What  e^ct  would  follow  if  the  atmosphere  were  suddenly  to  bconnw 
denser  than  the  liquid  being  moved? 

11.  Describe  (a.)  a  complete  sound  wave  and  (b.)  Its  manner  of 
propsgation.  (a)  How  does  the  transmission  of  sound  IbroD^li  i 
smooth  tnbe  differ  from  its  transmission  through  the  open  air  T 

13.  Give  the  laws  for  presRure  of  liquids  and  explain  each  bf 
some  fact  or  experiment. 

IS.  (a.)  Distinguish  clearly  betwoen  noi we  and  music.  (6.)  ^Vh»l 
is  meant  by  timbre?    (c.)  By  pitch  ? 

14.  Give   three   examples   of  musical  sounds  that   agree  in  nu 
and  differ  in  two  elements  or  characleTiattcs,  making  a  diStLtent  de- 
agree  each  time. 

15.  Give  three  examples  of  musical  sounds  that  difiitr 
wo  elements,  msMng  a.  diiSeretA  Aenni^  difbir  ^^.^ijic, 


1  16-  {a  )  What  are  sympfttbelic  vibratloiiB?    (6.)  How  maj  they  be 
Dduc«d?    (c.)  What  are  beatai    {d.)  Hon-  umy  they  be  produoedl 

17.  (a.)  What  is  Aroliimedea' Priuciple}  (6.)  Howie  it  applied  ic 
finding  the  Bpeci&c  gravity  of  a.  solid  ? 

18.  How  much  water  per  hour  will  be  deliTered  &om  an  orifice  of 

2  inohca  area  49  fuel  below  ihe  surface  of  u  tank  kept  full ! 

19.  DeHcHbe  tbe  telephone. 

20.  (n.)  Describe  the  elect rophoruB.     (A.)  Elxplain  its  action. 
81.  (a.)  Describe  an  organ  pipe,     (b.)  Make  a  reed  pipe. 

23.  (a.)  Explain  the  charglDg  of  the  I^eyden  jar;  (b.)  when 
charged,  what  is  the  electric  condition  of  the  outside  and  inside  of 
the  jar  t 

23.  (R.)  A  body  falls  for  si.^  seconds :  fiod  the  distance  traversed 
in  the  laat  two  seconds  uf  its  fall.  (tiA  How  fur  will  a  body  fall  in 
^  of  a  second  beginning  at  the  end  of  four  seconds?  (o.|  Explain 
the  "'kick  "  of  a  gun. 

Zi.  (n.)  Show  that  if,  in  an  Attwood'e  machine,  one  weight  be  j^ 
aa  heavy  as  tbe  other,  ila  increment  of  Telocity  will  be  }  that  of  a 
freely  falling  body.  (&,)  That  if  the  lighter  weight  be  f  of  the 
heavier,  its  increment  of  velocity  will  be  i  ff. 

35.  A  telegraph  line  from  New  York  City  to  Meadvillo,  Pa.,  Is  510 
milea  long.  The  wire  has  a  re^tance  of  4  ohms  per  mile.  There 
are.  on  tliis  line,  19  relays  of  ISO  ohms  each  and  one  repeater  of  S50 
ohms.  The  current  ia  supplied  liy  a  series  of  40  gravity  cells  with 
■n  E.  M.  F.  of  1  volt  each.  Buppoae  that  the  battery  and  the 
ground  and  other  connections  oBer  a  reaiatunce  of  574  ohms.  What 
is  the  strength  of  the  current?  Ati^.  7  niiliiamperes. 

26,  Explain  the  electrical  phenomena  described  in  §  323  {b}. 

27,  An  arc  lamp  has  a  difference  of  potential  of  86  volts  between 
the  carbon  tips.  The  re^tance  of  the  arc  is  3.6  ohms,  (a.)  What 
is  the  current  strcogth  1  {b.)  What  amount  of  heat  is  developed  in 
the  arc  per  second. 

Ani.  (n.)  10  amperes;  (6.)  86.1  lesser  calories. 

28,  A  coil  of  fine  wire  with  a  resistance  of  46.64  ohms  was  placed 
In  100  grams  o(  ice-cold  water.  A  current  from  a  .-^'rifa  of  60 
voltaic  cells  was  sent  through  the  wire  for  10  minutes.  Eacii  cell 
had  an  E,  M.  F.  of  1  volt  and  a  teHistance  of  6  ohms,  [the  water 
would  not  short  circuit  the  wire.  See  Appendix  K  (3)].  (a.)  What 
was  the  current  strength?  (6.)  Find  the  rise  of  lemiieratore  of  the 
WtLter  ABSumiug  that  no  heat  ia  lost  by  the  water. 

"    "  ^ns.  (o.)  0.144  ainperea;  ('^)  1.39"  C 


■^HAPTEl^,  VIIL 


I 


SECTION  I. 


TEMPERATURE,   THERMOMETERS,    EXPANSION. 

537.  Introductory  Quotation.— "  There  am  other  fonw 

besides  gravity,  and  one  of  the  most  active  ol  these  ia  uhemiul  affiu- 
ity.  Thus,  for  inBtance,  an  atum  of  oijgeii  has  a  very  strong  BttrBt 
tion  for  oue  of  carlwu,  and  we  maj  compare  these  two  atoma  to  tli« 
earth  and  a  atone  lodged  upon  the  top  of  a  house.  Within  cortila 
limits,  this  attraction  is  iotenslj  powerful,  so  that  when  ttn  atom  of 
carbon  and  one  of  oxygen  have  been  separated  tifim  eaeh.  other,  ve 
liare  a  species  of  energy  of  position  just  as  truly  «£  whes  a  bUhw 
has  been  separated  from  the  earth.  Thus  by  having  b  Urge  quan- 
tity of  oxygen  and  a  large  quantity  of  carbon  in  aepamte  BUtM,  m 
are  in  possession  of  a  large  store  of  imergy  of  iioaition.  When  ire 
allowed  the  alone  and  the  earth  to  rush  together,  the  enrrffg  ul 
position  was  transformed  into  that  of  actual  motion  (g  15ft).  and  v|i 
should  therefore  expect  something  dmflar  ta  happen  when  ilie 
separated  carbon  and  oxygen  are  allowed  to  rash  together.  Thb 
takes  place  when  we  burn  coal  in  our  fires,  and  the  prinuii;  resall, 
as  far  as  energy  is  concerned,  is  the  production  of  a  large  amonnl  ol 
heat.  We  are,  therefore,  led  to  conjecture  that  heat  may  deuolea 
motion  of  particleA  on  the  small  scale  just  as  the  rushing  togrther  uf 
the  stone  and  the  earth  denotes  n  motion  on  the  Iai'g«.  It  that 
appears  that  we  may  have  invisible  molecnlat  energy  aa  well  M 
Tiable  meclianlcal  energy."— Balfour  Stewart. 

538.  Wliat    is    Heat  7— Heat  is  a  form  of  ««- 
^MV-    ^^  consists  of  vihratory  motions  of  the  sSi^ 

les  of  matter  or  resu-lts  froTn.  siuik  viu>tioni  n,  sf 
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I^ves  rise  to  the  weH  known  sensations  of  warmth 
and  cold.  By  means  of  these  effects  upon  the  aniniii] 
body  it  ia  generally  recognized.  Being  a  form  of  energy, 
it  is  a  meiisurable  quantity  but  not  a  material  substance. 

5^9.  What  is  Temperature? — The  tempera- 
ture of  a  body  is  its  state  considered,  with  refer- 
en^ce  to  its  ability  to  communicate  heat  to  other 
bodies.  It  ia  a  term  used  to  indicate  how  hot  or  cold 
a  body  is.  When  a  body  receives  heat  its  temperature 
gfnerally  rises,  but  sometimea  a  change  of  condition 
(§  53)  results  instead.  When  a  body  gives  up  heat,  its 
temperature  falls  or  its  physical  condition  changes. 

540.  An  Unsafe  Standard.— When  we  put  a  very  wann 
hand  into  water  at  the  ordinatT'  temperature,  we  say  tliat  the  water 
is  cold.  If  another  person  Bhould  put  a  very  cold  hand  ml'3  Che 
Hime  water  be  would  say  that  the  wat«r  is  warm-  It  a  person  place 
»ne  hand  in  water  Treedng  cold  and  the  other  hand  in  water  as  hot 
as  he  can  enduce,  and,  after  holding  them  there  some  time,  plunge 
them  siniultaneouBlf  into  water  at  the  ordinary  temperature,  the 
hand  from  the  cold  water  feels  wann  while  the  hand  from  the  hot 
water  tuijls  cold.  Theae  experiments  show  that  bodily  seneaUons 
cannot  be  tmsted  to  measure  this  form  of  energy  that  we  call  k<!at. 

541.  Thermometers.  —  An  instrument  for 
measuring  temperature  ia  called  a  thermometer. 
The  mercury  thermometer  is  the  most  common.  Its  ac- 
tion depends  uiwn  the  facts  that  beat  espanda  mercury 
more  than  it  does  glass,  and  that  wlien  two  bodies  of  dif- 
ferent temperatures  are  brought  into  contact,  the  warmer 
one  will  give  heat  to  the  colder  one  until  they  liave  a  com- 
mon temperature, 

543.  Graduation  of  Thermometers. — ^Ther- 
mometers are  graduated  in  different  ways,  but  in  all  cases 

JjpiB»-aiy  two  $wd  pmnta,  via.,  the  faewsBg  aaA  ^ha'criigB!^ 
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of  viter;  or.  nrare  accnratelv.  the 

tta»«r 

Aran  vmtor  bafltng  waAa 
^nman  of  oat  atiao*- 


a  mark  ia  mode  on  the 


IMS.      DMermlnxtlon 

with  ¥rsi«r  mmat 
\f  jtlarA  aboTv  a  (vnvm  trm- 
fMMVtv ;  nter  ia  rootart  «ith 
tcp  tmuol  b»  Ndond  b^w  Ui« 
tanifi  Iriuprniurv.    H«n,  thpa, 
Is  a  tmiiwniturv  Gim]  and  t«^lr   j 
prodnrvU.    Tti«  (b^nuMiieln  is 
placed  tn  nwliiog  k«  or  ghow 
MMtt>hMd  in  a  pvrftmtnl  t«sm4. 
Wluta  th*  luvmirT  roluun  has  m 
glaa*  tnbr  al  thp  levrl  of  tite  uipreaiy-    This  point  is,  for  the  sake 
tf  breritr.  mIImI  tli<>  frecslDg  point. 

n-(-4.    I>ftermtiifttion    of  the    Boiling    Point.— TIi« 

tnnpvnitare  of  steun  issoing-  fcom  water  btdling  under  any  glTcn 
pnmire  is  luTwiable.    Ftg.  387  rcpiwents  a  metal  vessel  in  which 
water  is  made  to  Inil  tiriskl}'.     The  tttennom- 
eter  being  supported   ns   representpd   is  sur- 
rounded br  the  steani  but  docs  not  touch  lh« 
wikter.    That  the  at«ani  ttay  not  oool  before 
it  comes  into  coDtact  with  the  tbermoraoter, 
Ihe  «de8  of  the  TFasel  are  surrounded  by  wh»t 
ia  called  a  "  ateam  jacket,"     A  bent  tube  open 
nt  both  ends  and  containiog  mercurr  in  the 
liend  is  souietimes  addt-d.     When  theinerpntj 
stands  at  the  same  level   in  both   arms,  the 
,.    preBsnre  upon  the  surfaceot  the  boiling liqidd 
^-i  is  juHt  equal  lo  the  external  atmospheiia  ptes- 
9ure,  wliich   should  be  760  mm.     When  the 
'   inercur}-  oolumn  has  come  to  rest,  a  mark  ii 
mside  on  tte  ^aaa  V*«  »)i  ttie  level  ot  the 
metouis.      Ttaft   V"'»^  ""•   ^™  *■*  **»  * 
brevity,  wliB4tb6'w.m™6-B««fc.  i 


ip 


TSXPSRA  TtTJtS.  115 

545.   Therraometric    Scales.— There   are    two 

Bcales  used  in  this  country,  the  centigrade  and 
Fahrenheiffl.  For  these  scales,  the  ftsed  points,  de- 
termined as  just  explained,  are  marked  as  follows 
Centigrade.  FaArmAtU. 

Freezing  point,  0"  82" 

Boiling  point,         100'  213" 

The  tahe  between  these  two  points  ia  imS.* 
into  100  e<;[aal  parts  for  the  centigrade  scale  and 
into  180  for  Fahrenheit's.     Heuce  a  change  of 
temperature  of  5°  0.  ia  equal  to  a  change  of  &"  F., 
interval  of  one  centigrade  degree  is  eqoal  to 
Fra.  a^!  *"  interval  of  -J  of  a  Fahrenheit  degrea 

546.  Thermometric  Readings. — To  change 
'fte  readings  of  a  centigrade  thermometer  to  those  of 
Sthrenheit's,  or  vice  versa,  is  a  little  more  complicated 
than  to  determine  the  relation  between  the  intervals  of 
temperature.  ITjis  complication  arises  from  the  fact  that 
Falirenheifs  zero  is  not  at  the  freezing  point  but  32  de- 
grees below.  To  reduce  Fahrenheit  readings  to  centigrade 
leadings,  subtract  32  from  the  number  of  Fahrenheit  de- 
and  multiply  the  remainder  by  j. 

C.  =  l(,F.-3S:). 

To  reduce  centigrade  readings  to  Fahrenheit  readings, 
t  Binltiply  the  number  of  centigrade  degrees  by  {  and  add  39. 

F.^~C.  +  32. 

■  (a.)  Bnppose  that  we  de^re  to  find  tlie  equivalent  centigrade 
~  Subtracting  33,  we  see  tlmt  iMa  tem^etatiue  U 
pTahieabeit  degrees  above  the  freezing  poWt.  "BvA  inwi'^iiiiMi- 
fr  iff^raeteitig-eqaai  to  f  of  a  centisrade  d«tii«e AVuk  Vswo«n>iV? 
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I^e  rea 


I 
I 


TBMPBRATVJIS. 


Is  f  of  18,  or  lOoentlgrads  degrees  above  the  freextng  point  Sena 
the  reading  will  be  10°  C. 

(A.)  Suppose  that  we  desire  to  find  the  equivalent  Pafaienbell 
Trading  tot  45"  C.  This  temperuture  is  45  cenUgrade  degrees  abore 
the  freeeing  point,  or  81  Fahrenheit  degrees  above  the  freeiing 
point   HonoetheieadmgwiUbe(81  +  32=]1I3°F.    (SeeFig.ass.) 

(<;.)  The  contigrado  thermometer  is  the  niost  utnvenient  oad  ii 
adopted  in  all  countries  aa  the  etaudard  scale  for  sd^ntlfic  reference 
I'ikc  the  metric  sjetem,  its  general  nee  In  this  countrjr  is  probahlj 
onlf  a  question  of  time. 

Ifole. — It  la  de^rable  that  this  elaaa  be  provided  witb  aevenl 
"chemical"  tbermomctere  ;  i.  r,  Ihermometers  hSiVlng  the  seatl 
marked  on  the  glass  tube  instead  of  a  metal  frame. 

547.  Difl'erential  Thermometer. — Leslie's  dif- 
ferential thermomefcer  {Fig.  889)  shows  the  difiercncein 
temperature  of  two  neighboring  places  by 
rhe  expansion  of  air  in  one  of  two  bulbs. 
These  bulbs  are  connected  by  a  bent  glass 
tabe  containing  some  liqnid  not  easily 
volatile.  It  is  an  instrument  of  simple 
construction  (See  Appendix,  M.)  and  great 
delicacy  of  action,  bnt  has  been  largely 
snperaeded  by  the  thermopile  and  galvan- 
ometer {§§  414,  391). 


54-8.  Expansion.— Heat  coneistB 
generally  of  molecular  vibrations,  What-  Fic  aSg. 
ever  raises  the  temperatnro  of  a  body 
incrcaseB  the  energy  with  wliich  the  molecules  of  that 
body  swing  to  and  fro.  These  moleonlea  are  too  small  (§  6), 
and  their  range  of  motion  too  minute  to  be  visible,  and  w» 
must  call  upon  our  imaginations  to  make  good  the  ieieci 
of  our  senses.  We  ranst  conceive  those  invisible  molecules 
.-as  held  together  by  the  force  of  cohesion,  yet  vibrating 

aod  fro.    The  moro  "raXftiiftQ  ftve  Vea!L,y&^  ^jei 


energy  of  tLeee  molecalar  motions.  Molecules  thns  vi- 
brating must  push  each  other  further  apart,  and  thus  cause 
the  body  which  they  coustitate  to  expand.  This  expaneioD, 
or  increase  of  volume,  is  the  first  effect  of  heat  upon 
bodies. 

(a.)  Imagine,  If  possible,  twentj-five  quiet  boys  standing  cloaelj 
jrowded  together.  Upon  the  floor  draw  a  clialk  line  enclosing  the 
gronp.  If  these  boys  be  suddenly  set  Ehatinf;,  as  by  the  ague,  they 
will  force  some  of  their  number  over  the  chalk  line.  From  the 
motioDB  of  the  individuals  has  reeulted  an  eipansioD  of  the  living 


k 


549.  Expansion  Illnstrated. — The  expaneion  of 
lolids  may  be  shown  by  a  ball,  which,  at  ordinary  tempera- 
tures, will  easily  pass  through  a 
ring ;  on  heating  the  ball  it  will 
no  longer  pass  through  the  ring. 
If  the  ball  be  cooled  by  plung- 
ing it  into  cold  water,  it  will 
again    pass  through    the    ring. 

tl  IHH  '^^^^  illustrates  the  increase  (& 

R  \j  volume  or    cubical    expansion. 

ll  ^^Z  Sometimes    the     expansion    in 

k       .^^^^^^^H^^^^b,  length  only  is  measured.     This 
is  called  linear  expansion.     Ex- 
pansion is  also  illustrated  in  the 
Fig.  290.  compensation  pendulum  {g  149). 

550.  Unequal  Expansion.— Different  substances 
expand  nt  different  rates  for  the  same  change  of  temper- 
ftture.  This  may  be  shown  by  heating  a  bar  made  by 
riveting  together,  side  by  side,  two  thin  bars  of  equal  size, 
one  of  iron  and  one  of  brass,  so  that  the  compound  bar 
Bhall  1)6  straight  at  the  ordinary  temperatura.     ^  Vwaaa 
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expands  and  contracts  more  than  iron,  vhen  tbe  compotuJ 
bar  is  heated  it  will  curve  witli  the  brass  on  the  couvei 
fflde ;  when  it  is  cooled,  it  will  curve  with  the  brass  on  the 
concave  side. 

(i.)  GloBB  sad  platinum  expand  nearly  alike.  In  fact,  the  nXta 
at  eipansioQ  are  so  nearlj  alike  that  plDtlnum  wires  ma;  h^fmnl 
lata  glase  tubes,  ob  ia  done  io  eleutrolj^ts  ajip&ratUB  and  eudloinelen 
It  we  attempt  tliuH  Io  fuse  cupper  wire  into  glase,  tlie  gloM  irill  be 
bitiken  during  tke  unequal  contmction  from  cooling. 

Ji5].  Prnctical  Applicntions  of  £xpnusion^-Tli» 
I'bergy  of  expansion  and  contraction  of  solids,  wh^u  liestiog  Kid 
i»oIing,  is  remarkable.  Tiiia  oxpansion  of  metale  liy  liwt  ia 
ululzed  I17  coopers  in  setting  lioops,  b;  wbeelwriglita  fal  aetttng 
tiles,  and  b;  buUdere  in  etralghtening  bulging  walla.  VVfaen  tin 
Iron  rails  of  our  railwaja  arc  lajd,  a  small  space  Is  left  betwom  tbs 
en.lu  of  each  two  adjoining  raila  to  provide  tot  their  merltkMe 
exiHiasion  by  the  summer  heat.  The  iron  tubular  bridge  over  the 
Meokl  Straits  Is  about  ISOO  feut  1*ing.  lis  Haear  espansion  Is  abort 
one  tuot,  and  is  provided  tor  by  placing  the  enda  of  the  huge  tube 
upon  /oilers. 

552.  Expansion  of  Liquids, — The  expaosioa  of 

liquids  may  he  illustrated  as  follows :  Nearly  fill  a  Florence 
flask  with  water,  and  place  it  on  a  retort  stand  or  other 
convenient  support.  A  long  straw  is  supported  by  a  thread 
tied  near  one  end.  From  the  Bhort  end  oE  this  etrav  lever 
is  suspended  a  weight  nearly  balanced  by  the  lotig  orb  of 
tlie  lever.  This  weight  bangs  in  the  neck  of  flie  flluk, 
and  rests  bghtly  upon  tbe  surface  of  the  water  (g  238} 
By  placing  a  spirit-lamp  below  the  flask  tbe  water  maybe 
heated.  As  it  expands,  it  rises  in  tlie  neck  of  the  flul^ 
raises  the  weight,  and  Iuwlts  the  end  of  thA  laag afOLut 
the  lever,  which  may  be  seen  io  move. 
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5.13.    Anomalous   Expansion   of   Waterr- 

'ater  presents  a  remarkable  exception  to  the  general  role, 
0°C.  i»e  heated,  it  vA\l  ooniraci  rt^^t<l 
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s  4°  C,  its  tenhperaiure   of  greatest  density. 
I  above  this  point  it  expands. 

(a.)  Through  thn  cork  of  it  large  flask  pass  a  fine  glass  tcbo.     Hll 
the  flask  with  wnter  at  the  ordinary  temperature,  and  insert  the 
coik  and  tube  so  that  the  wnter 
shtdl   rise  some   distance  in  the 
I  tube.     PlacetliBttaskinafreezing 
re,  such  as  salt  and  pounded 
ater  column   in   the 
tube  falls,  showing  that  the  water 
>ntracting.      But   before  the 
I   water     freezes    the    contraction 
,  tlie    column  in  the  tuliu 
becomes  stationar;,  and  then  hu. 
I   gins  to  rise  again.     This  shows 
I   that  water  does  not  contract  on 
I   being  cooled  below  a  certain  tcm- 
I   pcrature,  and  that  there  is  a  tern- 
I   perature   of    maximum    density 
I   above  the  freezing  point. 

(6.)   Fig.  301  represents  a  glaai 
I  cylinder  with  two  thermometers 
pjG   -ni  Loseried  in  the  side,  near  the  top 

and  bottom,  at  A  and  £■  Midway 
1  and  B  is  an  envelope  C,  wMch  niay  he  filled  with  a 
freezing  mixture.  The  envelope  being  empty,  the  cylinder  is  filled 
with  water  at  0°  C,  and  placed  in  a  room  at  the  ordinary  temper- 
ature, about  15°C.  As  the  water  molecules  at  the  side  of  the 
cylinder  become  warm,  they  fall,  and  B  soon  records  a  temperature 
of  4"  C,  while  A  remains  at  0°.  This  shows  that  the  warm  water 
falls  to  the  bottom.  It  falls  because  it  la  denser.  It  is  denser 
because  it  has  been  eoutmcted  by  heat. 

If  the  eiperiment  he  varied  by  filling  the  cylinder  with  water  at 
the  ordinary  temperature,  and  O  with  a  freezing  mixtnre,  the  tem- 
per&tore  at  B  will  fall  rapidly,  while  it  falls  slowly  at  A.  This 
will  continue  until  A  reaches  i'  C.,  when  A  begins  (o  fall  more 
rapidly,  and  continues  to  do  so  nntJl  it  reaches  0°.  These  experi- 
ments show  that  water  la  heavier  at  fC.  than  at  any  temperature 
above  or  below. 

Results  of  this  Exception,— This  prop- 

of  water  is  of  great  importance.    Were  it  otherwise 
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^H^  of  water 
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the  iee  would  sink  aod  deitroj  ererytbing  Itrio^  ib'  ftt  ' 
water.  The  entire  body  of  wat«r  would  soon  become  a 
solid  rnasa  wliich  the  beat  of  Bummer  coald  not  wholl; 
'Biclt,  for,  ae  we  shiill  eoun  see,  w&(«r  ba«  liitie  power  to 
carry  heat  downward,  Aa  it  is,  in  even  the  coldest  winias, 
the  mass  of  water  in  onr  nortiiern  lakes  remains  nt  a  t«iii- 
poratnre  of  4''C.,  the  colder  wat«r  floals  upon  the  warmet 
layerj  ice  forms  orer  all,  and  protects  the  living  t 
below, 

rtflS.  Expan)«ion  of  Gases. — The  ex] 
gusca  may  be  shown  by  partly  filling  a  bladder  v 
sir,  tying  up  the  opening,  and  placing  the  bladder  i 
the  fire.  The  expanded  air  will  fill  the  bladder.  Through 
the  cork  of  a.  ttottle  pass  a  small  gluaa  tube  ahont  a  foot 
long.  Warm  the  hottio  a  little  between  the  bands  and 
place  a  drop  of  ink  at  the  end  of  the  tube.  As  the  BJj 
oontracta  the  ink  will  move  down  the  tube  and  i 
friction  leas  liquid  index. 


'  By  heating  or  coolii 
bottle  the  index  may  be 
mode  to  move  up  or  down. 

)lf  a  closed  flask  having  a 
delivery  tube  terminating 
under  water  be  heated, 
■omo  of  the  expanded  air 
will  be  forced  to  esca|}e, 
«nd  may  lie  seen  bnhbling 
through  the  water.  By 
"  collecting  over  water  " 

fiuB  driven  out. 
be  nocaratoly 
(Fig.  39i.) 


S56,   Practical  Results. — The  aacenslon  of  "  flre-baHoonB* 

a.nd  the  draft  of  chimne^a  are  due  to  the  eipaneion  of  gaaes  by  henL 
When  the  air  in  the  chimney  of  a  sl^ve  or  lamp  is  heated,  it  is  ren 
(lered  lighter  than  the  same  bulk  of  surrounding  air,  and,  therefor^ 
rises.  The  cooler  air  comes  in  to  take  its  place  and  thug  f  cede  the  com- 
buHtion.  Sometimes  when  a  fite  is  first  lighted,  the  chimney  is  bo 
cold  that  the  current  is  not  quickly  eslablishod  and  the  anioke 
escupes  iato  the  room.  But  in  a  little  wfatle  the  air  column  riaea 
and  the  nsual  action  takes  place.  By  the  aid  of  a  good  thcrmometci 
it  may  be  shown  that  the  air  near  the  ceiling  of  a  room  is  warmer 
thun  the  air  near  the  floor.  When  the  door  of  a  warmed  room  is 
Ifsft  slightly  ajar,  there  will  be  an  inward  current  near  the  Boor  and 
an  outward  current  near  the  top  of  the  door.  These  currenta  may 
1m  shown  by  holding  a  lighted  candle  at  these  places.  Artificial 
Tentllation  depends  upon  the  same  principles. 

■  657.  Rate  of  Gaseous  Expansion.— The  rate 
of  expansion  is  practically  the  same  for  all  gases,  viz.. 
0.00366  or  j|b  of  the  volnrae  at  0°  C,  for  each  ceatigrade 
degree  that  the  temperature  ia  raised  above  the  freezing 
point.  In  other  words,  a  liter  of  air  at  0°  C,  expands  to 
11.  +  M3GQI  atrC,  I  i;.+  (.00366  x  3)I.at3''C., 
1  /.  +  (.00366  X  2)  I  at  3"  C.  ]  1,^  /.  at  4°  C. 

Of  coarse,  if  we  nse  Fahrenheit  degrees  the  expansion 
will  be  only  J  as  great,  or  a!)out  jItt-  -^  1^*^^  **f  S^  ^^  3'^°  ^* 
expands  to  1^^  I.  at  33°  F. ;  to  JfJ  /.  at  39°  F.,  etc. 

.'>58.  Absolute  Zero  of  Temperature.— TTie 

terrhperatn.re  at  which  the  molecular  motions  con- 
stituiiing  heat  whoUy  cease  is  called  the  db8<Aute 
tero.  It  has  never  been  reached,  and  has  been  only  ap- 
proximately determined,  but  it  is  convenient  as  an  ideal 
starting-point.  Tlie  zero  point  of  the  thermometers  does 
not  indicate  tlie  total  absence  of  heat.  A  Fahrenheit 
thermometer,  therefore,  does  not  indicate  that  boiling 
water  is  'Zli  times  aa  hot  as  ice  at  1°  F. ;   a  centigrade 


TSMFESJ  TFSK. 

thermometer  does  nut  indicate  that  boi]iag  wafer  bsa  100 
timea  u  mach  heal  a;  water  at  1°  C. 

(a.)  Tempemtare.  when  rccktmoi  from  the  abeolate  aero,  ie  oUM 
■beolaW  teuipcnlore.  Abaolute  UjnpejBtnres  are  obtuned  br  tAi- 
ing  460  to  the  teadiog  at  u  FahKnbat  thermometer,  or  373  ta  A* 
reading  of  a  centigrade  thenuometei. 
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559.  Temperature,  Volume  and  I 

By  raising  U  gaa  Irom  0°  C.  to  273°  C,  itfi  TOlame  1 
donbted.  To  rednce  tiie  gas  at  this  temperature  to  ita 
original  volnme,  the  original  preeanre  mnst  be  doubled. 
From  our  knowledge  of  pneumatics  and  guseonsexpanaon, 
we  are  able  to  fiolve  certain  problems  relating  to  the  Tolame 
of  gaaes  under  different  preesurea  and  temperatnrea. 

Exaniples. — (1.)  A  masH  of  air  at  O'C.  and  under  on  ttmoe- 
pberic  pressure  of  30  inclies,  measureB  100  cu.  Lnclies  ;  what  vrill  be 
ItH  volume  at  40'  C.  under  a  pressure  of  28  IncheBf  Firat,  snppase 
the  pressure  to  change  from  30  inches  to  38  inches.  The  air  will 
expand,  the  two  Toliimes  being  in  the  ratio  of  3S  to  30  (g  284).  In 
other  words,  the  volume  will  be  H  times  100  cubic  inchm  or  lOT) 
Nest,  Bnpposc  the  temperature  to  cliango  from  0"  C  ta 
40°  C.  The  trpanitum  will  he  iV,  of  the  volume  at  0°  C. ;  the  tohmt 
wiU  be  lA  of  the  volume  at  0°  a  Jf^  times  107^  cnbteii  " 
=  133|Jf  inchea.— jIjm. 

The  problem  may  be  worked  by  proportion  as  foUows ! 

,     ,,„[■::  100:  a 


10  CI 

278  +  15  :  278  +  150  ;:  10  :  J-.  .    x  =  14.68  («,« 

(a,)  If  100  eu.  cm.  of  hydrogen  be  measured  at  100"  G,  n 

■»  thi.  volume  of  the  gM  at  -100"  C.T 

m+lOO:  273-100  ;-.  «»  ■- «.      ■•  *  =  4it«r«».  J 


TEMPERA  TUBE- 

,)  A  liter  of  iIt  Ib  meMored  at  0°  C.  and  760  mm.  What  volnma 
U  it  OTCUpy  at  740  mm.,  and  IS.S"  C.  t 


-.  11!  =  1085.84  eu.  a 


EXEBCIBES. 


I.  A.  rubber  balloon,  capacity  of  1  liter,  contains  QOO 
Djygen  at  0°  C.     Wlken   heated  to  80'  C,  what  will  be  the  voli 
of  the  oxygen  ?  Ant.  338.9  fu.  em. 

3.  If  170  volumes  of  carboniu  add  gas  be  meaaured  at  10''  C.  wlial 
will  be  the  volome  when  the  temperatare  sinks  to  0"  C.  J 

8.  A  certjun  weight  of  air  meaHurea  a  liter  at  0°  C.    How  much 

Will  the  air  expand  on  being  heatc^l  to  100°  C?       Am.  3011.3  en.  em. 

i.   A  gas  ha«  lla  temperalure  raiaed  from  15°  C.  to  50"  C.     At  the 

latter  temperature  it  measares   15   liters.     What   was  its  original 

volume?  Am.  13,374.6  ew.  WA. 

a.  A  gas  meBHures  08  m.  em.  at  185°  F.  What  will  it  meaHure  at 
10"  C.  nader  the  same  preesuru  t  Atu.  77.47  ea.  em. 

S,  To  what  volume  will  a  liter  of  gas  contract  in  cooling  (roiu 
43''  F.  to  83=  F.I  Am.  i»80  eu.  em. 

7.  A  certain  quantity  of  gas  meaeurea  155  ru.  em.  at  10°  C.,  and 
^^^pder  a  barometric  pressure  of  530  mm.  What  will  be  the  volume 
^^H^B.7°  C,  and  under  a  barometric  pressure  of  .'JOO  mm.t 
^^^R.  A  gallon  of  air  (231  cu.  in.)  is  heated,  under  constant  preesure, 
^Hfta  0°  C.  to  60"  €.  What  was  the  volume  of  the  air  at  the  latter 
^^Impcrature  ?  An».  381.77  cu.  in, 

0.  A  fire  balloon  contains  SO  cu.  ft.  of  air.  The  temperature  of 
the  aloinsphere  being  15°  C.  and  that  of  the  heated  air  in  the  bal. 
loon  being  75°  C ,  what  weight,  including  the  balloon,  may  be  thus 
supported?    {See  Appendix  U.)  Am.  1,847  grains. 

10.  The  difference  between  the  temperatures  of  two  bodies  is 
36'  F,    Eipreas  the  difference  in  centigrade  degrees. 

II.  The  difference  between  the  temperatures  o[  two  bodies  is 
35 '  C.     Eipress  the  difference  in  Fahrenheit  dpgroes. 

12.  (1.)  Eipress  the  temperature  68°  F,  in  the  centigrade  acale. 
(b.)  EipresB  the  temperature  90'  C.  in  the  Fahrenheit  scale. 

13.  What  will  be  the  tenmon  at  30°  C.  of  a  qnantity  of  gas  which 
at  0'  C.  has  a  tension  of  a  million  dynes  per  fq.  em,,  the  volume 
remaining  the  same  ?    (§69.)  .dn».   1100800  dynes. 

14.  A  liter  of  gas  under  a  pressure  of  1013800  dynes  per  tq.  cm. 
is  allowed  to  expand  until  the  pressQie  Is  reduced  to  1000000  dynea 
per  8;.  em.  At  (he  same  time,  the  temperature  is  rsiaed  from  C  C 
t<ilOO°C.    Find  the  Snal  volume.     Am.  1383  «u.  cm.  neftrly. 
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UqVSFACTlOIf. 


^r  Recapitulation. — In  this  section  we  have  oonwdered 
H  the  Nature  of  Heat;  the  meaning  of  Tem- 
perature;  Thermometers  aud  their  graduation, 
the  determiaation  of  the  Freezing  and  Boiling 
Points;  tbermomotrie  Scales  and  Readings; 
the  Differential  Thermometer  ;  Expansion 
of  Solids  ;  Expansion  of  i_iquids,  especiallj 
the  Expansion  of  "Water  ;  the  Expansion  ot 
Gases  and  tho  Rate  thereof;  Absolute  Zero  of 
teraperatore ;  the  relation  between  Temperature, 
Pressure  and  Volume. 
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j^SECTfON  11, 

LIQUEFACTION,    VAPORIZATION,    DISTILU" 


560.  Liquefaction. — In  the  last  BeoHon  we  learned 
that  heat  ia  a  form  of  energy.  Ab  energy,  it  is  able  to 
perform  work,  such  aa  overcoming  or  weakening  the  force 
of  cohesion.  It  ia  well  known  that  when  a  solid  is  changed 
to  the  liquid  or  aoriform  condition,  or  when  a  liqi 
changed  to  a  vapor,  it  is  done  by  an  increase  of  hei 
that  when  the  revei'se  operations  are  performed,  it  | 
diminution  of  heat.  Cohesion  draws  the  particles  V 
heat  pushes  them  asunder,  and  on  the  varying  preponde^ 
ance  of  one  or  the  other  of  these  antagonUtio  powera,  the 
condition  of  the  body  seems  to  depend.     When  the  firm 

ip  of  cohesion  has  been  ho  far  weakened  by  heat  that  the 
lolecules  easily  change  their  relative  [wsitiotis  {§  55)^  (J 

idy  passes  from  the  solid  into  the  liquid  condition.  J""^ 

\ange  of  oonditioa  is  colled  lii\Defactton. 


^^^^^r  UqUEFA  CTION. 

561.  liaws  of  Fusion.— It  has  beeu  found  by 
experiment  that  the  foUowing  statements  ai'e  true: 

(1.)  Every  solid  begins  to  melt  at  u  certain  temperature 
which  ia  inviiriable  for  the  given  substance  if  the  preseure 
be  constant.  When  cooling,  the  Bubstance  will  sohdify  at 
the  temperature  of  fusion. 

(3.)  Tlie  temperature  of  the  Bolid,  or  liqnid,  remains  at 
the  melting  point  from  the  moment  that  fusion  or  solidi- 
fication begins  until  it  is  eomplete. 

(«.)  If  a  flask  contftining  ke  be  placed  over  a  lire,  it  will  be  found 
that  the  hotter  the  Are  the  more  rapid  the  liq^aef action,  lint  that  if 
the  contents  of  the  Snek  be  contiouall/  stirred,  the  themiometet 
1  at  0°  C,  unta  the  last  bit-  of  ice  ia  melted  (|  543^.  If 
Bulphor  be  used  instead  of  ice,  the  tem- 
perature will  remain  at  115°  C.  until  tha 
BUlphur  is  all  melted.     (Fig.  998.) 

5ti3.  Reference  Ttible  of  Melti 
ing  Points : 

Alcohol,     -    .    .    ^       Neret  frozen. 
Meroary,      ....        — 38.8°C. 
Snlptmric  acid,  -     -  —314 

Ice,     - 0. 

Sulphnr,    ....  lis. 

Lend,        326 

Zinc,      ....  426 

Silver  (pure).     .    .    -       1.000 
GoiU(pure),    .    -    -         l,2ao 
Iron  (wroughtl,      -     .       1,600 
^Toti: — The  higher  tenipenitureH  in  tlila 
aible    are    only    approximate.       Certain 
iHMlies  suften  oaA  become  plastic  before  they  melt.     In  thua  conditiou 
glasa  ia  worked  and  iroj'.  is  welded. 

563.  Vaporization. — If,  ufter  liquefaction,  further 
itdditiona  of  heat  he  miidc,  a  point  will  be  reached  at  which 
the  heat  will  overbalance  both  the  cohesion  and  the 
pressure  of  the  atmosphere  and  the  liquid  pass  into  tlie 
SJtliliHrio  coAditioo.     Thig  cbimge  o£  Eoim  i&  c»l.\ft4.  -(^k^qv 


Fir,  ai3. 
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mtion.    Vaporization  may  be  of  two  kiode — eTspn 
Kid  ebullition. 

504.  Evaporation. — Evaporation  signifies  the 
quiet  formation  of  vapor  at  the  swrface  of  a 
liquid. 

(d.)  With  reference  to  the  rapidity  with  wliich  evaporation  taiee 
place,  it  may  be  remarked  thst— 

(I.)  It  varies  with  the  temperature. 
(3.)  It  varies  with  the  eltent  of  sarface, 
(3.)  It  varies  with  pressure  upon  the  liquid,  being 
rapid  in  a  VBcnr~ 

565.  Evaporation  in  Vacuo.— The  rapid? 

tion  of  vapors  in  a  vacnuin  is  prettily  illnatrated  by  the 
following  exiKtriment : 
Torricelliiin  vacua  are 
fbrmed  at  the  top  of  foor 
barometer  tubes,  A,  B, 
CaniD,Fig.29i.  Into 
the  mouth  of  B  pass  a 
few  drops  of  water.  They 
will  rise  through  the  mer- 
enry  to  the  vacuum  at 
the  top.  Upon  reaching 
thia  open  space  they  aro 
indanlly  vaporized.  The 
tension  of  the  aqueous 
vapor  showa  itself  by 
lowering  the  mercury  ■ 
colnmn.  Thisdepreasion  ■ 
is  due  to  the  t«nsion 
rather  than  to  the  weight 
'  the  vajHir,  because  the 

weigha  scarcely  aasttovi^ 


cor;  it  dieplaoea.  Introdticing  the  esme  quantity  of 
alcohol  into  C,  and  of  ether  into  D,  they  are  infitontly 
yapomod,  but  the  mercury  will  be  depressed  more  by  the 
alcohol  than  hy  the  water,  and  more  by  the  ether  than  by 
the  alcohol. 

la.)  At  the  beginning  of  tlie  erperiTceot,  the  fom  merear; 
talamua  indic&ted  the  atmospheric  pressure  ;  at  the  end  of  tha 
experiment,  the  column  in  x\  indicated  the  full  pressure  of  tlie 
atmosphere ;  the  columns  in  £,  C  and  O  indicate  that  pressure 
mtniu  the  tension  of  their  respective  vapors.  This  experiment 
also  shovrs  that,  at  Iht  mme  temperature,  the  vapors  of  diffa-ent 
iiquidt  hate  different  temions, 

566.  Ebullition. — EbuUition,  or  boiling,  signi- 
fies the  rapid  formation  of  vapor  bjibbles  in  the 
mass  of  a  liquid. 
When  a  flask  con- 
taining water  \i 
placed  over  the  flame 
of  a  lamp,  the  ab- 
aorbed  air  that  is 
generally  to  be  found 
in  water  is  driven  off 
in  minute  buhhlea 
that  rise  and  escape 
without  noise.  Ah 
the  temperature  of 
the  water  is  raised, 
(he  Hijuid  molecules 
in  contact  with  the 
bottom  of  the  flask 
become  so  hot  that 
the  heat  is  able  to 

snccpvp  tfcp  wihemn  between  the  awj\ec«\^'LVa'tw«'OT» 


of  the  overlying  water,  and  tbo  jwesanre  of  the  abnoephen 

above  tho  water.     Theu  the  water  boila. 

(a.)  When  the  firat  biibblea  of  Eteam  are  formed  at  the  bottom  of 
the  water,  tliej  rise  through  the  water,  condense  in  the  cooler  lairwt 
above,  and  diaappear  before  reacliing  the  Biirface.  The  fonu&tiaa 
and  condensation  of  these  bubbles  produce  the  pec uiiar  sound  known 
aa  singing  or  simmering,  the  well-hnown.  hemld  of  ebnIlitioiL 
Finally,  the  water  becomes  heated  thronghout,  the  bubbles  iticnaw 
in  Dumber,  grow  larger  as  the.r  ascend,  burst  at  the  sarfac^  and 
disappear  In  the  atmosphere.  The  whole  liqnid  mass  is  agitated 
with  considerable  vehemence,  there  is  a  characteristic  noisy  accom- 
paniment, the  quantity  of  water  in  the  flask  diminishes  with  ever? 
bubble,  and  huallf  it  all  disappears  as  steam.  The  water  haa 
"boiled  away." 

567.  Laws  of  Ebullition.~It  has  been  found  by 

experiment  that  the  following  statements  are  true: 

(1.)  Every  liquid  begins  to  boil  at  a  certain  temperatun^ 

which  ia  invariable  for  the  given  aabstauce  if  tho  preseare 

be  constant.     When  cooling,  the  substance  will  liqnefy  ai 

the  temperature  of  ebullition,  or  at  the  boiling  point. 
(2.)  The  temperature  of  the  liquid,  or  vapor,  remmni 

at  the  boiling  point  from  the  moment  that  it  be^na  to 

boil  or  liquefy. 

An  increase  of  pressure  raises  the  boiling  point;  a 

decrease  of  pressure  lowers  the  boiling  point. 

(a.)  In  a  beaker  half  full  of  water,  place  a  llM^ 

mometer  and  a  test  tube  tialf  filled  with  ether. 
Heat  the  ffater.  When  tlie  thennometer  shoivB  ■ 
temperature  of  about  60°  C,  the  ether  will  begin  W 
boil.  The  water  will  not  boil  until  Ibe  tumperalvn 
rises  lo  100°  C.  The  temperatnre  will  not  ri»e  b«- 
yond  iliis  point, 

568.  Vapor  Pressure.— The  pre«Bwe 

|o/a  vapor  {ga§2)  is  due  to  tho  kinetic  energy  of  iteooih 
d'tneot  molepales.     "Ma.  H*^*^  fev^v*"^*^  iS^ 


space,  the  Tapor  formed  exerte  a  pressure  upon  the  encloaure 
and  upon  the  suifaee  of  the  liquid,  wLich  increases  as  long 
as  the  quantity  of  vapor  increases  and  reiiclics  a  maximum 
when  the  space  is  satumted.  This  maximum  pressure  of 
a  Tapor  increases  with  the  temperattire.  When  evapora- 
takes  place  in  a  spdoe  filled  by  auotlier  gas  that  has 
lo  action  upon  the  vapor,  the  pressure  of  the  vapor  is 
Added  to  tliat  of  the  gas  and  the  pressure  of  the  mixture 
is,  therefore,  the  sum  of  tlie  presenrea  of  its  constituents." 


a  Ta] 
■  adde 
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A69.  Effect  of  Pressure  upon  Boiling  Poiut. 

'e  saw  in  §  566  tliat  when  a  liquid  is  boiled,  the  heat 
three  tasks  or  three  kinds  of  work  to  perfoi-m,  viz., 
overcoming  cohesion,  liquid  and  atmospheric  pressures. 
Nothing  can  he  more  evident  than  the  propositions  that 
increasing  the  work  t«  he  done  involves  an  increase  in  the 
energy  needed  to  do  the  work ;  that  decreasing  the  work 
to  be  done  involves  a  decreafio  in  the  energy  needed  to  do 
the  work.  In  the  ease  of  boiling  any  given  liquid,  the  first 
of  tlie  three  tasks  can  not  be  varied  ;  either  of  the  other 
two  easily  may.  If  we  increase  the  pressure,  we  increase 
the  work  to  be  done  and,  therefore,  increase  the  neceasary 
amount  of  heat,  the  only  form  of  energy  competent  to  do 
the  work.  If  we  lower  the  pressure,  we  lessen  the  work  to 
be  done  and,  therefore,  lessen  the  necessary  amount  of 
heat.  This  means,  in  the  first  case,  raising  the  boiling 
point ;  in  the  second  case,  lowering  the  boiling  point. 

570.  Fraiikliii's  Eiperiiiient. — Tlie  boiling  of 
water  at  a  temperature  below  100°  C,  may  be  shown  as 
follows:  Half  fill  a  Florence  flask  with  water.  Boil  the 
w^tStT  nutil  the  steam  drives  the  aii  from  ^^  Nk.YS^'t  \«^ 
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\  of  the  flaalc  Oork  tightly,  remove  the  lamp  and  invert 
the  flask.  The  exclusion  of  the  air  may  be  mode  mgre 
certjiiii  Ijy  immersing  iIil-  corkeJ  neck  of  the  flask  in  wata 
that  liaa  been  recently 
boilcJ.  Wlien  the  lamp 
was  removed,  the  teoi- 
puratnre  was  not  above 
100"  C.  By  the  time 
that  the  ilaek  ie  inverted 
and  the  boiling  has 
ceased,  the  temperatnie 
will  haTe  fallen  below 
100°  0.  When  the  boil- 
ing stops,  ponr  cold 
water  upon  the  flask; 
directly  the  boiling  be- 

--     gitis  again. 
Fi(-..  197, 

(it.)  The  ccild  watpr  poured  u|Nin  tlio  flask  lowers  the  tempers- 
tiire  of  tlie  water  in  th<!  flit^k  Htill  further,  but  it  also  condenEPs 
some  of  the  ete«m  In  the  flBBk  or  reduces  its  tension  (§  55»).  This 
reduction  of  the  tenelon  leaaens  the  work  neceeaary  to  boiling.  There 
being  enough  heat  In  the  water  Ui  do  thix  leesened  amoant  of  work, 
the  water  again  boils  and  increaaea  th«  pressure  nntil  tlio  boiling 
point  is  raised,  almye  the  present  tempenvture  of  the  water.  The 
flask  may  he  drenolied  and  the  water  made  to  boil  a  dozen  times  in 
Buccession  with  a  single  heating.  I'he  experiment  may  be  mftde 
more  strikin);  by  plun^ng  the  whole  flask  under  cool  water, 

571.  Papln's  Digester.— At  high  elevations  water  boUs  at 

a  temppTatiire  too  low  for  culinary  purpOHCs.  Persons  living  there 
are  obliged  to  boil  nieala  and  regetables  (if  at  all)  in  closed  veaseli 
and  under  a  pressure  Rreater  than  tliBt  of  the  atmosphere.  In  tha 
arts,  a  higher  temperature  Ihan  100^  C,  is  soinelimee  reqniradlbr 
iple,  in  the  estruction  of  ueiatioe  from  tione^  Jn 
closed  vessel,  water  may  he  raised  to  a  much  higher  temperatsta 
in  the  open  air,  but,  lor  leaaoua  uaw  [fti'jwsasi.^'i.taT  caiuot  t9 


VAPORIZATION. 


kept  boiling  in  sncb  a.  vesaeL  Papiu's  Digvaur  coosiste  of  a  metal 
vusBel  of  great  strength  covered  with  e.  lid  pressed  dowu  hj  a 
powerful  acrew.  That  the  joint  may  be  more  perfect,  a  ring  of 
sh^et  lead  is  placed  between  the  edgea  of  the  cover  and  of  the  veBBel. 
U  is  provided  with  a  safety  valve,  pressed  close  by  a  loaded  levee 
When  the  tcAsian  of  the  steam  reaches  a  dangerous  point,  it  opeas 
the  valve,  lifting  the  weight  and  thus  allowing  somo  of  the  steam 

(a.)  In  many  cases,  e.  g.,  Hiigar  ceflniiig,  it  is  deuinible  to  boil  or 
evaporate  a  Uquid  at  as  low  a  temperature  as  possible.  The 
work  is  then  done  in  a  lacuum  ;ia»  trom  wliich  the  vapor  is 
pnniped,  the  tension  being  thus  reduced. 


57S>  Marcet's  Globe. — Marcet'sglobe is  represented 
in  Fig.  398.  It  cunsiats  uf  u  spherical  metallic  boiler,  five 
or  six  inches  in  diameter,  provided  with  tlu'ee  openings, 
through  one  of  which  a  tliermometer,  T,  passes ;  thruugh 
the  second  of  which  a  glass  manometer  tube,  i)/,pasaea;  tlia 
third  opening  being  provided  with  a  stop-cock,  S.  The 
thermometer  and  manometer  tubes  fit  their  openingB  so 
doBoly  that  no  steatn  can  escape  at  those  points.  The 
thermometer  bnlb  is  exposed  directly  to 
thesteam.  Thelowerendofthe  manometer 
tube  dips  into  mercury  placed  in  the  lowei 
part  of  the  globe.  The  boiler  is  to  he  half 
filled  with  water  and  heated  until  the 
water  boils,  the  stop-cock  being  open.  Aa 
long  as  the  stop-cock  is  open,  the  ther- 
mometer will  not  rise  above  100°  0.  When 
the  stop-cock  is  closed,  the  steam  accnmii- 
latea,  the  pressure  on  the  water  increases, 
the  thermometer  shdwsarise  of  temperature 
beyond  100°  0.  higher  and  higher  as  the 
mercaiy   rises    in  the  mejuomets.^   t>j.W 
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When  the  tneronry  in  the  manometer  tube  ia  7( 
sbove  tlie  level  of  the  mercory  in  the  boiler,  the 
hoe  a  tension  of  two  atmospheres,  and  the  then 
will  record  a  temperature  of  about  131°  C. 

573.  Concerning  Steam.— v4  given  mats  ^ 
lUiater  in,  the  aeriform  condition  occupies  neaiif 
3.700  times  as  much  sfjace  under  a  pressure  ef 
one  atmosphere  as  it  does  in  the  licfuid  condtOoii. 
In  other  words,  a  cubic  inch  of  water  will  yield  neaiiy  a 
cubic  foot  of  steam.  Steam  is  invisible.  What  is 
commonly  called  steam  id  not  true  steam,  but  little  globules 
of  water  condeused  by  the  cold  air  and  suspended  in  it 
By  cai^efnlly  noticing  the  steam  issuing  from  the  spoat  of 
a  tea-kettle,  it  will  be  observed  that  for  about  an  inch  foiin 
the  spent  there  is  nothing  Tisible.  The  steam  there 
iaa  not  had  opportnnity  for  condensation.  The  water 
particles  visible  beyond  this  space  passed  through  it  as 
invisible  steam.  The  steam  in  the  flask  of  Fig.  S97  is 
invisible. 

Boiliog  Points  under  a  prewiiK 
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574.  Rcfereace  Tables. 

of  one  atmosphere : 

Ammonifl — 40°C. 

BalpharooaBuhrdiide...-  8 

Ether 85 

Carbon  bisulphide 48 

Some  Bolids,  as  iodine,  arsenj 

tislble  intermediate  liquefaction. 

Boiling  Points  o(  water 


Alcohol 78'C 

Water  (pure) 100 

Mercurj 800 

Sulphur 447 

and  camphor  vaporise  Wlthoal 
The  process  ia  called  miitiBOtii'H 
different  preBsares: 


575.  Definition  of  Boiling  Point.— We  ought 
now  to  b(i  fully  prepared  to  understand  that  iJie  hoiling 
point  of  a  liquid  is  the  tempcrafitre  nt  which  it 
gives  off  a  vapor  of  the-  same 
tension  as  tJie  su-rrouTiding  at- 
mosphere. 

(a.)  If  tliere  be  any  duabt  or  lack  of 
conipreheusion  of  this  proposition,  It  nmy 
be  reinoTed  by  the  following  esperimunt : 
A.  A  glass  tubp,  bent  as  sbown  at  A,  'haa  its 
sliurt  arm  doacd  uud  ita  long  arm  open. 
The  aliort  arm  is  nearly  filled  with  mer- 
pury,  the  space  above  the  mercury  bdng 
filled  with  water.  While  water  is  bri-skly 
boiling  in  a  flask,  the  bent  tubt  ia  buh- 
pended  in  the  Bteain,  as  shown  In  Fig, 
298.  Part  of  the  water  in  the  bent  tnbe 
ia  changed  to  vapor,  the  mercnry  falls  In 
the  short  ami,  and  finally  aagwxeftlte  mme 
Fig.  2()g.  lerei  in  both  braju!he». 

576.  Distillation. — Distillation  is  the  process  of 
vaporizing  a  liquid  in  a  heated  vessel  and  subsequently 
condensing  the  vapor  in  a  cool  vessel.  It  is  chiefly  used 
for  the  purpose  of  sepai-ating  it  liquid  fi-oni  a  solid  which  it 
holds  in  solution,  or  of  eei>arating  a  mixture  of  two  liquids 
liaving  different  boiling  points.  The  process  depends  upon 
the  fact  that  different  substances  are  vaporized  at  different 
temperatures.  The  apparatus,  called  a  still,  is  made  in 
many  forms,  but  consists  essentially  of  two  parts — the  re- 
tort for  producing  vaporization,  and  a  condenser  for 
changing  the  vapor  back  to  the  liquid  form.  Fig.  300 
represents  one  form  of  the  apparatus.  It  consists  of  a 
retort,  ab,  the  neck  of  which  is  connected  with  a  spiral 
tube,  (id.  called  the  worm.  The  wcjrm  is  placed  in  a  vessel 
containing  water. 


577.  Distillation  of  a  Liquid  from  a  Solid, 

—Suppose  that  water  19  to  be  Beparnted  from  tlie  salt  it 
holds  in  solution.  The  brine  ia  placed  in  a  retort  and 
heated  a  httle  above  313°  F.  At  this  temperature  &b 
water  ia'  vaporized  wbtle  the  salt  is  not.  The  steam  i| 
driven  fi-om   the 
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mnat  be  kept  cool.  This  is  done  bj  constantly  feeding  it 
at  the  bottom  with  cold  water,  as  explained  in  the  last 
article. 

{a.)  Fig.  801  repreeents  a,  simpler  form  of  appatatos  for  this  pnr 
pose.  The  retort  Ib  a  FloreDCe  flask,  the  deliTery  tube  of  wliicli 
paBBEB  throagh  a  "water-Jacket."  The  method  of  eupplying  tliia 
^oodeoser  with  cold  water  ia  evident  Irum  the  figure.  GomctimeS 
the  deliverer  tabe  paBBee  directly  into  a  veHeel  placed  in  a  cold  water 
bath,  this  Tosael  eerviug  aa  both  coudeoBer  and  receiver. 

i>7M.  Distillatiou  of  a  Liquid  from  a  Liquid. 

— Suppose  tliat  alcoliol  ia  to  be  separated  from  water. 
The  solution  ia  placed  in  the  retort  and  heated  to  about 
90"  C,  which  is  above  the  boiling  point  of  alcohol  bnt 
below  that  of  water.  The  alcohol  will  pass  over  in  a  state 
of  vapor  and  be  condensed,  while  the  water,  etc.,  remains 
behind.  In  practice,  the  alcohol  vapor  passes  over  charged 
with  a  certain  amount  of  steam.  A  receiver  placed  in  a 
bath  containing  boiling  water  ia  interposed  between  the 
retort  and  the  worm  or  condenser.  In  thu  receiver  the 
steam  condenses,  while  the  vapox  of  alcohoi  passes  on  to 
the  worm  whore  it  alao  ia  condensed.  This  process  is  known 
as  "fractional  distillation." 

Recapitulation. — Tn  this  section  we  have  considered 
the  meaning  of  Liquefaction  ;  the  Laws  of  Fu- 
sion ;  the  meaning  and  kinds  of  Vaporization ; 
Evaporation  in  air  and  in  vacno  ;  Ebullition  and 
its  La-ws;  effoet  of  Pressure  upon  the  boiling  point; 
Steam  ;  definition  of  Boiling  Point ;  Distilla- 
tion. 
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LATENT    AND    SPECIFIC     HEAT. 

579.  Thermal  Units.— In  §538  it  was  stated  that 
heat  ia  measurable ;  but  that  we  may  measure  it,  a  atandwd 
or  unit  of  measure  is  necessary.  A  thsrttval  or  heat 
UTtit  is  the  amount  of  heat  necessa,ry  to  warm  a 
weight  unit  of  water  one  degree  above  th»  freeaiaS 
point.  The  weight  unit  generally  need  is  the  gram, 
kilogram  or  pound;  any  otbor  weight  unit  may  be  need. 
The  degree  may  be  centigrade  or  Fahrenheit. 

(a.)  We  liBve  at  lenat  ftiur  nnite  In  use.  Thej  are  tlie  «if""^nt° 
of  heat  nttcesasry  lo  wano 

(1.)  A  kiiograin  of  water  from  0°  C.  to  1'  C,    (A  ealorie.) 
(3,)  A  gram  of  water  from  0°  C.  to  1°  C,    (A  lesser  calorie.) 
{8.)  A  pound  of  water  from  0°  C,  to  1°  C. 
(4.)  A  pound  of  water  from  33°  P.  to  33°  P, 
It  makes  uo  practicul  AiSvrencA  which  unit  is  need,  excepting  M 
far  as  convenience  ia  concerued,  but  the  unit  must  not  be  chanffld 
during  any  problem. 

580.  Two  Frultmi  Questions  —We  have  ebeaar  seen 
that  heat  melts  ice,  and  that  during  the  melting  the  temptTature  b 

constant ;  that  heat  boils  water,  and  that  during  the  boiling  tiii 
teniperature  la  constant.  One  feature  of  this  change  of  condilion 
remains  to  be  noticed  more.'fully.  Take  a  block  ot  ice  with  a  1«in. 
peruture  of  —10°  C.  (I4°-P.l  and  warm  It.  A  tlierroometet  placed  in  \ 
it  riflee  to  0°  C.  The  Ice  begine  to  melt,  but  the  mercury  no  longe" 
rises.  Heat  is  still  applied,  but  there  la  no  increase  of  temperotiite; 
the  mercury  In  the  thermometer  remains  stationary  until  the  lul 
particle  of  ice  has  been  liquefied.  Then,  and  not  till  tli^it.  does  tliu 
temperature  begin  to  riae.  It  continues  to  do  so  until  the  thf* 
mometer  marka  100'  C.  The  liquid  then  be^na  Va  bcdl,  nnd  tli« 
temperature  a  second  time  becomes  fiiod.  But  during  nil  the  tinta 
that  the  thermometer  stood  at  0°C'..  or  while  the  ice  waa  melting, 
iefl(  ivas^ven  b.v  the  lamp  and  received  by  the  ice.  Why  then  did 
not  the  tenipemtnre  rise  dailag  t.W\ftTOB,\aSH»iQ^«jittaining_lh« 
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iaae  anttl  the  lost  particle  or  ice  tfbs  melted?  After  tbe  watef 
began  to  boll,  beat  was  contiououHly  Eiipplied.  Whj  then  vnta 
there  not  a  contmued  increase  of  tempemtare  1 

551.  Molecular  Euergies.— Heat  la  a  form  of  energy  ana 

ma;  be  kinetic  or  potential.  Tliere  can  be  no  doubt  that  when  a 
body  IB  heated  its  moleciilea  are  thrown  into  violent  motion,  and 
that  na  the  temperatore  ia  raised  the  energy  of  this  moleciilai  motion 
Is  increased,  or  that  na  this  molecular  motion  ia  increaaed,  the  tem 
perature  la  raised.  But  sumo  of  this  molecular  energy  that  we  call 
heat,  instead  of  b,'!ng  used  to  set  the  molecules  of  tho  bod;  in  motion, 
bos  irork  of  a  different  kind  to  perform.  That  part  of  the  heat 
which  is  spent  in  prodncing  molecular  vibrations,  which  increases 
the  temperature.  Is  called  sensible  htat.  Another  part  is  employed 
in  pushing  the  molecules  of  the  body  asunder,  producing  expansion 
and  change  of  condition.  In  forcing  these  molecules  asunder,  in. 
vimble  energy  of  motion  la  changed  to  energy  of  position  as  truly 
and  as  necessarily  as  viaiblfe  energy  of  motion  is  changed  to  ths 
potential  variety  in  throwing  or  carrying  a  atone  from  the  earth  t« 
the  house-top.    (%  159.) 

552,  Triiiii^iiiiitatioit  of  Molecular  Energy. — In  most 
easea,  but  little  of  the  keat  communicated  to  a  body  is  thus  changed 
to  potential  energy,  the  greater  part  rtmioining  energy  of  molioB 
«nd  increasing  the  temperature.  But  there  are  certain  crises,  of 
"critical  occasions."  on  which  the  jwa-fcrpart  of  the  heat  communi- 
cated is  transformed  into  energy  of  position.  Thus,  at  the  melting 
point,  a  large  quantify  of  heat  maybe  given  to  ice  without  affecting 
the  temperature  at  all  ;  Instead  of  raising  the  temperature,  it  merely 
melts  the  ice.  The  energy  used  liaa  been  changed  from  the  tinetifl 
to  the  poti'ntial  variety.  In  like  manner,  at  the  boiling  point,  a 
large  quantity  of  heat  may  l>e  given  to  the  water  without  affecting 
the  temperature  at  all.  Instead  of  rising  the  temperature  further, 
it  merely  vaporiaes  the  water,  end  the  steam  has  the  same  tempera. 
ture  as  the  water  from  whic'h  it  came.  The  same  change  of  molec 
nlar  energy  of  motiim  Into  molecular  energy  of  position  has  again 
taken  plaee.  This  heat,  which  Is  thus  used  to  overcome  cohesion 
and  change  the  raindition  of  matter,  does  not  affect  the  temperature 
and  Iherefora  is  not  urnfiMr,  hut  la  stored  up  as  potential  energy 
And  thus  hidden  or  rendered  lalent. 

Y&83..  Defliiition  of  Latent  Heat.— 77((!  hdent 
■  of  a  gui/sia^ncc  is  the  qw-antity  of  rve-ati  'tAwA  v» 
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^H  .tost  to  thermomebric  measwrenieiii  during  its  lique 

^f   faction  or  vaporization,  or  the  amount  of  heat  that 

must  be   coTmnunieated,   to  a   body   to  change  ih 

condition  ivifhout  changing  its  temperature.    It  msj 

be  made  to  reappear  during  tlio  opposite  changes  after  auT 

i  interval  of  time.  Many  solids  may  undergo  two  changes 
of  condition.  Such  solids  have  a  latent  heat  of  liquefat 
tion  aud  a  latent  heat  of  vaporization. 
584.  Latent  Heat  of  Fusion. — We  are  already 
familiar  with  the  fact  that  when  ice  or  any  other  solid  is 
melted  by  the  direct  application  of  heat,  mnch  of  the  heat 
is  rendered  latent  In  the  ease  of  melting  ice  we  shall 
show  how  this  latent  heat  is  measured,  and  that  its  quan- 

Itity  is  very  great.     We  may  represent  the  process  of  Bqw 
faction  of  ice  as  follows : 
Water  at  0"  C.  =  ice  at  0"  C.  +  latent  heat  of  loaier. 

585.  Latent   Heat  of  Solution.^Daring  the 

proceea  of  solution,  as  well  as  dunng  fusion,  heat  is  ren- 
dered latent.  In  either  case  the  performance  of  the  work 
of  liqnefaction  demands  an  expenditure  of  kinetic  energy. 
Ilcnce  th&  st^utian  of  a  solid  involves  a  diminiitixin 
of  temperatiLre. 

(a.)  This  loEH  ma;-  In  BOtae  caaes  be  made  gw>d  b;  &n  equal  in- 
ci-eBBe,  or  changed  to  gain  by  a  greater  increttse  of  sensible  ItMt 
from  tbe  ahetnical  changes  involved  ;  bat  in  any  caae.  the  ael  n( 
liquefaction  ronaldered  by  itself  produces  cold.  Thus  a  cap  »( 
MSee  is  coo1e<[  by  sweptening  it  with  sugar,  and  a  plate  of  scMp  li 
cooled  by  flnvoring  it  with  salt. 

586.  Freezing:  MIxtnres.— 77/<-  fntetii  heat  (^ 
.  Urn  at  the,  fnumlntinu  of  the  artfion  9f 
tf  mixtures.  For  example,  when  loe  is  meUcd 
nd  the  water  tVtu%  ^xmc^  \&  \nxn.,  (a»sfS««».^ 
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ealt  itself,  the  double  liquefaction  requires  a  deal  of  beat 

which  is  generally  fumished  by  the  cream  in  the  freezer. 

The  freezing  mixture  most  commonly  used  eonstste  of  one 

t  of  salt  and  two  weights  of  snow  or  pouuded  ice. 

te  mixtnre  aaaumea  a  temperature  of  —  18''C.,  which 

wished  the  zero  adopted  by  Fahrenheit. 

(a.)  By  miilng,  at  the  freeidng  temperatiire,  three  weights  of 
with  two  weights  of  dilate  sulphuric  acid,  the  temperature 
may  be  reduced  to  about  —20°  F.,  a  diminution  of  over  50  Fahren- 
heit degrees  If  equal  weights  of  snow  and  dilute  sulphuric  add 
reduced  to  a  temperature  of— 30°F.  and  then  miied,  the 
iperature  will  fall  to  about— 60°F.  By  mixing  equal  weights 
sulphate  crystals  (Glauber's  salt),  ammonium  nitrate  and 
iter,  all  at  the  ordinary  temperature,  and  stirring  the  mixture 
thermometer,  the  temperature  will  be  seen  to  fall  from  about 
8B°  F.  to  about  10'  F.,  which  is  considerably  below  the  freejdng  point 
of  pure  water,  Glauber's  salt  luid  liydrochloric  Imuriatic;  acid  form 
■  good  freezing  misture. 

5S7.  Solidification.  —  Solidification  Bignifies  the 
[e  from  the  liquid  to  the  solid  condition.     During 

lidiflcation  there  i't  an,  increase  of  temperature. 
This  may  seem  pai'adosical  in  certain  cases,  but,  even  in 
the  case  of  water,  it  is  true  that  solidification  is  a  warming 


betl 

^Kktt 


^Hesa; 


jii.}  The  sensible  heat  that  disappeared  as  latent  heat  daring 
"  efaction,  bmug  no  longer  employed  In  doing  the  work  of  main- 
g  liquidity,  is  reconverted  ioto  sensible  heat  and  immediately 
|ployed  in  increasing  tho  molwiilar  vibtEtions.  The  molecular 
initial  energy  is  transmuted  into  molecular  kinetic  energy.  This 
•quently  illustrated  by  the  precaution  taken  in  winter  to  place 
tubs  of  water  in  vegetable  cellars  that  the  latent  heat  oC  the  frecz 
Ing  water  may  be  changed  into  sensible  heat  aiid  thus  protect  the 
vegetables. 

i»88.    Teiuperature   of   Holiiliflciitlon.  — The 

melting-  point  is  the  highest  temperatuie  aX.  ■«Vvio.  wS\s.4ci- 
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EScation  can  take  place,  but  it  is  possible  to  keep  snbstancea 
I  liquid  condition  at  lower  temperatures.  Water 
Btanding  perfectly  quiet  Boinetimes  cools  several  degrees 
below  the  melting  point  without  freezing,  but,  upon  agita- 
tion in  any  perceptible  degree,  Bolidification  immediatelj 

I  takes  place, 

'  (a.)  PeiBonB  wlio  Bleep  in  cold  cliamberB  sometimeB  notice,  npoo 
Biieiug,  that  as  bood  aa  itej  touch  a  pitcli«T  of  vater  tliat  has  b«eii 
Btaoding  in  the  room  over  night,  the  water  quichl^  freezes.  U  t, 
particle  of  ice  be  dropped  into  the  water  the  same  resnlt  follews. 
We  maj  say  lliat,  in  this  cDDdttion,  liquids  have  a  tendency  to  frecBB 
which  is  kept  in  check  only  by  the  difficulty  of  making  a  beginning, 

asy.  Heat  from  Soliflificatiou. — (1.)  By  HarroQnding, 
with  a.  freezing  mixture,  a  Hmall  glass  veesel  containing  water,  and 
■  merciir;  t'.ennometer,  the  temperature  of  the  water  may  be  ra. 
duced  to — 10°  C,  or^l3°  C.  without  freezing  the  water..  A  ali^ 
movement  of  the  thermometer  in  the  water  Bturte  the  freexuig  and 
the  temperature  quickly  risca  to  0' 

(3.)  Place  H  thermometer  in  a  glass  vessel  containing  water  al 
80°  C,  and  a  second  thermometer  in  alargcbathormercnjyBt— 10°C 
Immerse  the  glass  vessel  in  the  mercury.  The  temperature  of  the 
water  will  gradnally  fal!  to  0°C.,  when  the  wafer  will  beg^  to 
freeze  and  its  temperature  become  conetant.  In  the  meantime  the 
temperature  of  the  mercury  bath  rises,  and  continuei  to  da  to  uM) 
lAe  vmter  is  freising. 

(3.)  Dissolve  two  weights  of  Qkuber's  salt  in  one  weight  of  Iwt 
ver  the  solution  with  a  thin  layer  of  oil  and  allow  to  cool. 
In  perfect  quiet,  to  the  temperature  of  the  room.  Byplon^iigt 
thermometer  into  the  still  liquid  substance,  solidification  (ajatal. 
ligation)  is  started  and  the  temperature  rapidly  rises.  Dr.  AxpM 
found  that  this  experiment  was  succesaful  after  keeping  Uia  Milli> 
tion  in  the  liquid  condition  for  five  years, 

(4)  Mix  equal  qnautities  of  dilute  Bulphimc  acid  and  of  Bsatu 

nted  solution  of  calcium  chloride  (not  chloride  of  lime),  tlie  two 

.liquids  having  l>een  allowed  time  to  acquire  the  temperature  of  lh« 

room.    The  two  liquids  are  converted  into  siilld  calcium  eulphate. 

marked  increase  of  temperature.     In  this  case,  as  In  sonii' 

other  casps,  part  of  the  heat  ohHorvcd  is   probably  dne  lo 

lemical  Bctioo,  but  more  to  the  conversion  of  tite  latent  hwlsl 


)   To  three  welgils  of  quicklime  add  one  weight  of  water 

wa,ter  will  be  completely  aoliilifled  in  the  slaking  of  the  lims 

with  remarkable  thenual  mauifestatiooa.    Carte  containing  quick 
lime  have  been  set  on  fire  by  exposure  to  heavy  rains. 

k590.  Change  of  Bulk  during  Solidification. 
Most  substances  shrink  iu  size  during  solidLScation ;  but 
few,  such  as  ice,  ca,9t-irou,  antimony  and  biamnthi  are 
ceptions.  When  melted  caat-iron  is  poured  into  a  mould, 
it  expands  in  Bolidifjiiig  and  presses  into  every  part  of  the 
mould.  The  tracings  on  the  casting  are,  tlierefore,  as  clear 
cut  as  they  were  in  the  mould.  A  clear-out  casting  cau 
not  be  obtained  from  lead;  this  is  one  of  the  reasons  wliy 
antimony  is  made  a  constituent  of  type-metal.  Gold  coins 
have  to  be  stamped;  they  cannot  be  cast  so  ae  to  prodnce 
a  clear-ent  design.  The  bursting  of  pipes  by  freezing  water 
la.a  common  source  of  annoyance. 


)  An  army  officer 


Quebec  performed  the  following  experi- 
ment :  He  filled  a  12-inch 
shell  with  water  and  closed 
the  oppoing  with  a  wooden 
plug  forcibly  driven  in.  The 
shell  was  put  out  of  doors ; 
the  temperature  being 
—28°  C,  the  water  froze,  the 
plug'  was  thrown  about  3O0 
feet,  and  a  tongue  of  ice 
about  eight  inches  long  pro- 
truded from  the  opening. 
In  a  similar  experiment,  the 
shell  split  and  a  rim  of  ice 
Fig,  joa.  issued  from  the  rent. 

501.    Latent    Heat   of    Viiporization.  — The 

Vaporisation  of  a  liquid  is  iicronipauiwl  by  the  disappear- 
ance of  a  birn:p  (juaii  tity  oF  heat,  and  frefiuently  by  a  diminu- 
^  ilJcp  ot  temperature.    There  U  a  change  ot  wswsCsiia  '-aAfc 


I  latent  heat;  of  kinetic  into  potential  energy. 

represent,  for  instance,  the  va^ 

ponzatioQ  of  water  as  follows  : 
Steam  at  100°  C.  =  water 
Lot  100°  C.  1-  latent  Iveab  of 
msUam. 


(n.)  Tht)  cryophonis,  shown  in 
Fig,  354,  consistiS  of  a  bent  tube 
and  two  bulbs  containing  n  Bmall 
qiiiintity  of  water  Th.e  mr  is  ra 
moved  by  briskly  boiling  the  wate  r 
The  tube  ia  Healed  while  the  Hlmm 
la  escaping.     The  inBirament  thii 

contains  only  water  and  aquLuua     

VBpor.     When  the  liquid  is  poureii     ^&^ 
Into  B.  and  A  is  placed  in  a  frees-  i 

ing  misture,  the  vapor  is  largely 

condensed  in  A  while  more  la  rapidly  (ormtd  in  £,     Lrj 1.1  ^.  ., 

soon  form  on  the  surface  of  the  water  in  H. 

(6.)  Wet  a  block  of  wood  and  place  a  watch  crystal  upon  It. 
film  of  water  may  be  seen  nnderthe  central  part  of  the  glass.  Ha 
fill  the  crystal  with  sulphuric  ether  and  rapidly  evaporate  It  hy 
blowing  over  its  surface  a  stream  of  air  from  a  small  bellows.  Gb 
much  heat  is  rendered  latent  in  the  vaporization  thftt  thawaU 
crystal  ia  firmly  frozen  to  the  wooden  block. 

I  (c.)  SulphurouB  (iiide  (SO,)  previously  dried,  is  easily  liquefied 
I  by  passing  it  thrnugli  a  U-tiilie  iiumersed  in  h  freezing  mixtiim 
I  When  some  of  this  liquid  is  |>laced  upou  mercury  in  a  small  cafsnla 
L  and  rapidly  evaporated  by  blowing  over  it  a  stream  of  air  from  a 
I  bellows,  tM  mtrcurg  U  frozen  {§  563),     |See  Chemistry,  Exp,  Itf.) 

f  59'4.  Coudeu8ati<m  of  Gases.— Gases  may  be 
I  condensed  by  union  willi  some  liquid  or  solid,  by  cold  or 
K  by  pressure.  It  has  been  recently  shown  that  any  known 
Cgas  miiy  be  liquefied  by  rold  and  pressure.  In  any  case 
m^ie  coridensfition,  of  a  g(v8  r&ndera  a^nsHile  a  large 


^^^^^  LATENT  aWD  SI-ECIFIC  BEAT. 

(a.)  The  change  of  latent  heat  inlo  Hpnnible  dHrinR-  the  condensa 
tion  of  a  gas  is  eamlj  UluBtrat«d 
by  the   following  experiment : 
Into  a  gas  bottle,  A,  put  a  tea- 
cap  full  of  small  pieces  of  mar- 
ble, and  pour  in  enongU  water  tc 
cover  them  and  to  seal  ihe  lower  " 
end  of  the  thistle  tube.     From    | 
the  gas  bottle  lend  a  delii 
tube  to  the  lower  part  of  a 
tie,  B,  containing  a  tbennome-  | 
ler.  t.     From  this  bottle  lead  a 
tube  to  tlie  lower  part  of  the  Fic.  304. 

bottle  C,  wlxicb  contains  a  ther- 
mometer, T,  with,  its  lower  part  embedded  In  a  teacnp  full  of  salU 
of  tartar.  Through  the  thistle  tube  of  ^1  pour  muriatic  acid,  about  a 
thimblo-full  at  a  time.  Carbonic  acid  gas  will  be  liberated  and  paea 
through  B  into  C.  There  it  unites  with  the  potasBiuni  carbonate, 
changing  it  to  potassium  bi-cartionate.  In  this  change  from  the 
afriform  to  ihe  solid  condition,  the  carbonic  acid  give^  np  all  its 
latent  heat,  as  is  shown  by  the  remarkable  rise  of  the  thermometer 
In  G.  That  this  increaae  of  temperature  is  not  due  to  the  sensible 
beat  of  a  hot  gas  is  shown  bj  the  fact  that  t  is  scarcely  aSected 
ilaring  the  espetiment 

(b )  When  the  vopor  is  condensed  to  the  liquid  or  solid  form,  the 
beat  previously  rendered  latent  is  given  out  as  sensible  heat ;  that 
Is.  the  energy  of  position  is  changed  back  to  energy  of  motion.  In 
coming  together  again,  the  particles  yield  the  same  amouni  ot 
kinetic  energy  as  was  consumed  in  their  separation. 

593.  The  Heat  EqmviUeiit  of  the  Fusion  of 

Ic©. — If  one  pound  of  water  at  0°  C.  be  mixed  with  one 
pound  of  water  at  80°  C,  we  shall  have  two  pounds  of  water 
at  WO.  But  if  one  pound  of  ice  at  CC.  be  mised  with  one 
pound  of  water  at  80"  0,,  we  ehall  have  two  pounds  of  water 
at  0'  C  The  heat  which  might  be  used  to  warm  the  water 
Item  0°  to  80°  C,  has  been  used  in  melting  u  like  weight 
of  ice.  Hence,  by  onr  definition,  we  see  that  the  latent 
heat  of  one  kilogram  of  water  la  80  calories-  Thva  me^w*, 
££i^m^»A/  of  heat  required  to  md-t  a  qiMLU^ft^ 


I 


olthout  changing  its  tsmperatibrB  is  eighty 
times  as  great  as  the  heat  required  to  icarm  the 
L  same  quantity  of  water  one  centigrade  degree. 
(a.)  Becnuse  of  thie  great  Intent  lieat  of  water,  the 
melting  ice  sud  freezing  wuter  ikre  iiecessBril}'  ?1uw.  O&emi 
waters  of  our  northern  lakes  might  freew  to  the  boltotu  in  a  lAngh 
night,  while  "  the  hut  of  the  Esquimaux  would  vatuah  Vike  a  hauw 
in  a  pantomime,"  or  all  the  snowa  of  wIuUt  be  melted  in  a  elnglD 
dof  ivith  inundation  and  destruction. 

594.  The  Heat  Equivalent  uf  tlie  Vaporiza- 
tion of  Water.  —  Experimeut  has  shown  that  th 
amount  of  heat  necessary  to  evaporate  one  weight  Unit  of 
water  would  suffice  to  raise  the  temperature  of  537  weight 
units  of  water  1^  C.  Heuce,  we  say  that  the  latent  heatof 
one  kilogram  of  steam  is  537  calories.  Thin  means  tbat 
the  amount  of  heat  required  to  evnjjorate  a  qtuintity 
«/  water  without  changing  its  tenhperatii.re  M  5S7 
■tijneB  as  great  as  the  heat  required  to  warm  the 
same  quantity  of  watiyr  on^  centigrade  degree. 

(a.)  When  a  pound  of  Bteani  ia  oondeneed.  637  heat  nnila  (iwiinil' 

centigrade)  are  liberated.     In  this,  we   see  an   espiuiation  of  tlit 

familiar  fact  that  scalding  by  Bteam  ia  bo  painfull;  severe,     Wtn? 

it  not  for  the  latent  heat  of  steam,  when  water  reached  Its  boilim 

I   point  it  would  inaiuntly  Haalt  into  .iteBiii  with  tremendoui  oiplosiiin. 

505.  PruMeiii.s  niiil  Solutions.— (1.)  How  maay  gtm» 

of  ice  at  0"  0,  can  fje  melttnl  by  1  gnun  of  Bteatn  at  100'  C.  1  Cttn 
I  gram  of  steam  at  100^  t'.,  in  aindenslng  to  water  at  iIih  eainv  wni 
[  peratiire,  parte  with  all  ite  latent  heat,  or  537  lesser  calories.  Ilw 
I  gram  of  water  tlius  formed  can  give  out  100  more  heat  util* 
I  Bence,  the  whole  niimlier  of  lesat-r  calurlL-s  given  out  liir  tbe  iV^tn 
i  in  changing  to  water  at  0°  C,  the  tempi-rHtiire  at  whidi  il  tiiooip 
I  longer  melt  ice,  ia  537  +  100=  1(37. 

V  Let  .e  —  tliB  number  of  grams  of  lets  tliai  can  be  inellvd.  E»di 
I  praninf  ice  mi-ltud  will  mquire  80  lesser cnlories,  Honro,  80?  =  ilw 
i  nuiubtr  I'f  liPBt  unilB  new.'switj.  'Hio  lioat  w  mrlt  tlio  Ice  m*' 
t^ue  from  ilin  slMin-  'JSntm^^^^^M 


LATENT  AND   SPECIFIC  HEAT. 


;8.)  How  !nany  ponnda  of  Hteam  at  100'  C.  will  jual  melt  100 
idfl  of  ice  at  0"  G. !  It  x  represent  tlie  number  of  pounds  of 
Bteam  required,  that  qaantity  of  steajn  at  100°  C.  will  furnisli  SSlx 
heat  units.  To  melt  100  lbs.  of  ice,  (80  x  !00  =)  8,000  heat  imitti 
wUl  b«  required. 

t    Hence,  637if  =  8,000.  .-,  x  =  13,36  +  Iba.    Ant. 

(3.)  What  weight  of  steam  at  100'  C.  would  be  required  to  aiat 
lO  pounds  of  water  from  0°  C.  to  10°  C.  1 
Let  X  =  the  number  of  pounds  of  steam  required. 
(537  +  00)*  =  500  X  10,  •■.  IT  =  7.97  +  Iba,    Am. 

(4.)  If  4  lbs.  of  steam  at  100  C.  be  mixed  with  300  1b«.  of  water  at 
r  C,  what  will  be  the  temperature  of  the  water  ? 
Let  X  =  the  tempBrature.  In  condensing  to  water  at  100°  C.,  the 
Jbs,  o(  steam  will  give  out  (537  '  4  =)  2,148  heat  units.  This 
lbs.  o(  water  will  then  give  out  4(100  —  3")  heat  unila.  Hence,  the 
Earn  will  impart  2,148  +  4(100  -  a)  heat  uniia.  The  200  lbs.  of 
water  in  rising  from  10"  C,  to  r'  will  absorb  200(j;  —  10)  heat  units. 
Hence,3,148+4a00-r)  =  200(3;-10).     .■,  3!  =  22.29''C.    Ant. 

596.  ninstratioii  of  Specific  Heat.  —  When 

the  teinp(.Tature  of  a  body  changes  from  30°  to  20°,  the 
body  losoB  jnat  as  much  heat  as  it  gained  in  passing  from 
20"  to  30°.    This  heat  lost  by  a  cooling  body  may  be 
meaaiired,  like  any  other  energy,  by  the  work  it  can  per- 
form.    If  equal  weighta  of  different  bodies  be  raised  to  the 
same  temperature,  the  amonnt  of  ice  that  each  can  melt 
will  be  proportional  to  the  number  of  thermal  imits  they 
j^^HTerally  contain.     A   pound  of  sulphur  at  2I^°F.  will 
^^blt^aBmuch  ice  as  a  pound  of  boiling  water.    Hence 
^Hpreqnirod  only  ^  as  much  heat  to  heat  the  sulphur  Q'om 
I'     the  freezing  point  to  212°  F.,  as  it  did  to  heat  the  watei 
to  the  same  temperature ;  in  Bcientific  phraseology,  the 
xecifio  heat  of  gulphnr  is  \. 

t.)  In  an  experimentof  this  kind,  If  tliecoolinganbHtance  change 
fcconditinn,  the  latent  heal  set  tree  as  ti(.■n%\\l\e'\«i^,■TO««.^w>^^i».|^o 


Ml"* 
1^ 


the  hest  eiprnded,  to  avoici  melting  of  Ihe 
of  the  surrounding  air  and  making  propeT 
allonauce  for  the  heat  expciuled  in  warming 
the  apparatuB  itself.  Fig.  256  Tepiesents  a 
form  of  calorimeter  frequently  uaed  m  Butli 
experiments,  Jf  contaius  the  healed  bnd; 
whose  weight  and  temperature  are  known 
A  coataitis  the  ice  to  be  melted,  the  liquid 
thus  prodaceil  escaping  by  D  5  Is  au  ii-e 
jacket  to  prevent  metting  of  the  ice  In  ^ 
heat  of  the  air. 


Fig.  305. 


597.  Definition  uf  Specific  ^ 
Heat. — The  specific  heat  of  a  body 
is  ihe  ratio  between  the  quantity 
of  heat  required  to  warm  thai  body  one  degree  and 
the  quantity  of  heat  required  to  warm  an.  e^jual 
weight  of  water  one  degree. 

(a.)  It  is  very  important  to  hear  in  mind  that  spedflc  heat,  like   . 
IpeciEc  gravity,  is  a  ratio  ;  nothing  more  nor  less.     The  specifir,  heat 
»f  water,  the  standard,  is  unity.     This  ratio  will  he  the  same  for 
any  giren  substance,  whatever  the  thermal  unit  or  thcnuometnc 
Bcale  adoptM. 

Hits,  specific  Heat  Determined  by  Mixture. 

— One  of  the  simplest  methods  of  meaauriug  specific  beat 
is  by  mixture.  Suppose,  0.  g-,  that  3  kilograms  of  meroniy 
at  100°  C,  are  mixed  with  1  kilogram  of  ice-cold  water  and 
that  the  temperature  of  the  mixture  is  %°0.  Hoirsh^ 
we  find  the  specific  heat  of  mercurj  ? 

=  the  spedflc  heat  of  the  mercury,  or  the  amouBt  of  liett 

^m  lost  by  one  Idlogram  -' " " 

^^  teniperatare.     Then 


lost  by  one  kilogram  of  tiiernury  for  each  degree  of  chADgvef 
teniper»tare.     Then  will 
=  the  number  of  heat  TtDit-s  lost  by  tlio  given  amount  of  mpr 
cnry  for  every  degree  of  change  o'f  temperature,  and  81  time 


e  specific  heat  of  water  \s 
Ut^rams  of  watei  taken  te 


heat  unite  gained  bj  that  qottalit?  of  water  for  each  d^re«  ot 
change  ot  temperature.  Then  wiU  S  represent  the  number  of  heat 
unitfi  gained  by  the  water  in  pHseiug  from  0  to  'J'.  But  no  lieat 
has  been  destroyed  or  wasted  ;  wliat  the  mercury  has  lost,  the  water 
has  gaiued. 

Mei-<iwrg.  WaUv, 

i      Specific  heat x  1 

WeightH  taken 3  1 

No.  of  degrees  of  change 91  B 

S9 
ce 


Beat  unitB. . 


JS99.  Heated  BaUs  Melting  Wax.— The  differ- 

fece  between  bodiL-a  m  respect  to  specific  beat  may  be 

rooghlj  illustrated  as  follows:  small  balls  of  eqaal  weight, 

made  severdUy  of  iron,  copper,  tin,  lead  and  bismuth  are 

heated  to  a  temperature  of  180°  or  200°  C.  by  immersing 

them  in  hot  oil  until  they  all  acquire  the  temperature  of 

the  oil.    They  are  then  placed  on  a  coke  of  beeswax  about 

half     an     inch 

thick.   The  iron 

and  copper  will 

melt  their   way 

through    (he 

I  wax,  the  tin  will 

-^  nearly     do     so, 

while    the    lead 

M  aJid    bismuth 

^bk  not  more  than  half  way  through  the  wax. 

^HOO.  Reference  Tables.— (1.)  Specifio  Heat  of  some  sub- 

^K^en. S.4090  I  Iron 11^8 

^■tot. 1.0000  Copper. 0nB2 

TfeiOnlafgaa) 5084  Silver ".^'O 

Air 337S  Tin   0563 

Oxygen SITB  Mercury S^* 

IWf/)/ior 3036  Lead ■'®=^* 

ma^oad. 1488lBiMBaQi *** 


|2.)  Specific  heat  of  some  subetajiceB  in  different  etates : 
Soiid,  Li^iid. 

Water 9050              1.0000  ,480S 

Bromine 0B43                 .1060  .06.^ 

Alcohol .5050  .4534 

Bthar. 5«7  4797 

601.  Specific  Heat  of  WatBr.-!-Water  in  iis 
uid  form  has  a  higher  specific  heat  than  any 
mpther  substance  except  hydrogen.  For  this  reaBon  the 
rocean  and  our  lakes  are  cooled  aud  heated  more  dowly 
than  the  land  aud  atmosphere.  They  thus  modify  sudden 
changes  of  temperature,  and  give  rise  to  the  well  knovnt 
fact  that  the  climate  of  the  sea-coast  is  warmer  in  winla 
and  cooler  in  aommer  than  that  of  inland  places  of  the 
same  latitude.  The  heat  of  summer  is  stored  up  in  (lie 
ocean  and  slowly  given  out  during  the  winter.  This  fad 
also  esplaina  a  phenomenon  familiar  to  those  living  on  thi 
borders  of  the  ocean  or  great  lakes.  Bccanse  of  its  lower 
epeciSc  heat,  the  land  becomes  during  the  day  more  healed 
than  the  water.  The  air  in  contact  with  the  land  thus 
becomes  more  heated,  expands,  rises  and  forma  an  upptr 
current  from  the  land  accompanied  by  a  corresponding 
under  cuiTent  to  the  land,  the  latter  constituting  thfl 
weloome  sea  or  lake  hreezea  of  summer.     After  suueet, 

I  however,  the  land  cools  more  rapidly  than  the  water,  the 
process  ia  reversed,  and  we  have  an  nnder  current  traa 
the  land  constituting  the  land  breeze. 
EXERCI8E8. 
1.  One  kUogcBin  a!  water  at  40"  C,  3  kiloRrama  at  SO'C,,"? 
griuna  at  30  C,  aud  4  kilograma  at  HI'  C.  am  niisi<d.  Find  the  t«n 
poralure  of  the  mixture.  Am.  80' C 

S.  One  pound  of  mercoiy  i*.WC^ii»^^K^^^2 


WBter  at  0°  C.,  and  the  tempefnture  o(  the 
CalcuUto  the  specific  heat  of  Enercurj, 

3.  What  weight  of  water  at  85°  C.  will  just  melt  1>^  pounds 
ice  at  0°  C?  Amu.  14,117  lb. 

4.  What  weight  of  water  at  05°  C.  will  just  melt  10  pounds  of  Ice 
at  -10' C?  A?ig.  6,947  lb. 

5.  What  weight  of  ateam^t  125°  C.  will  melt  5  pimnda  of  ice  at 
—8°  C,  and  wunn  the  water  to  35'  C.  ?  ^n*  0.87  lb. 

6.  How  much  mercury  could  lie  warmed  from  10°  C,  to  30°  C.  by 
I  kilogram  of  steam  at  200°  C.  1  Ana.  1997  Eg, 

7.  Equal  maBsea  of  ice  at  0°  C.  and  hot  water  are  niixod.     The  lee 
ia  melted  and  the  temperature  of  the  miituce  is  0°  C.     What 
tUe  temperature  of  the  water  t  Ann,  80"  ( 

8.  Ice  at  0^  C.  is  miied  with  ten  tinies  its  weight  of  wate: 
20'  C.    Find  the  tsmperulure  of  the  tnixtttre.     Am.  IV  C,  ne&rl/. 

0.  One  pound,  of  Ice  at  0°  C.  is  placed  in  5  pounds  of 
12'  C.     What  will  he  the  reanltV 

10.  Find  the  temperature  obtained  by  condensing  10  g,  of  steam 
at  100'  C.  in  1  Ks-  of  water  at  0'  C.  Am.  6. 

11.  A  gram  of  Bteam  at  100°  C.  is  condeiiaed  iii  10  grama  of  water 
LitO   C.     Find  ihe  resulting  tnmperalure.  Jrw,  58°  C.  nearly. 

13.  if  200  jj.  of  iron  at  aOil"  C.  Iju  pluiigeii  into  1  Eg.  of  water  at 
0'  0-  what  will  be  the  reaultlng  tempeiatuie  1  Am.  8.67°  G. 

18,  Find  the  specific  heat  of  a  aubslance,  80 17.  of  which  at  100°  C 
being  immersed  in  200  ff.  of  water  at  10'  gives  a  lemperatura  of 
20°  C. 

11.  If  300^.  of  copper  at  100'  C.  lie  immersed  in  TOUff.  of  alcohol 
at  0°  C,  what  will  be  the  resulting  t.-mperatore !    (g  600.) 

15.  What  will  be  the  result  of  miiirg  5  ounces  of  snow  at  0°  C. 
with  23  ounces  of  water  at  30'  C.  1 

16.  A  pound  of  wet  snow  mlied  with  5  ponnds  of  water  st  20°  C 
yields  6  pounds  of  water  at  10°  C.  Find  the  proportions  of  snow 
and  water  in  the  wet  snow. 

17.  What  weight  of  mercury  at  O^C.  will  be  raised  one  decree 
by  dropping  into  it  150  ff.  of  lead  at  300°  C? 

18.  Find  the  result  of  mixing  B  pounds  of  snow  at  0°  C.  with 
T  pounds  of  wnter  at  M '  C. 

Reciii»itiilatioii. — In  this  ecction  we  have  conaidered 
Jifi  ilcliiiititm  of  Thermfil  Units;  two  Varieties 
of  Molecular  Energy;  tlieir  mutual  Converti- 
..^piJy,;  the  deSaition  of  UatenX  H^aV-,  ^X«\'a,^\\ 


M 

•^^» 


XOOkS   OF  DIFFVatNO   BBAT, 

Aeat  of  Fusion  and  of  Solution  ;  Freezing  Mix* 
ftures;  Solidification,  and  the  Temperature  ol 
Solidification ;  Heat  from  Solidification; 
Change  of  Bulk  during  solidifying ;  the  Latent 
Heat  of  Vaporization;  the  Condensation  of 
Gases;  the  Latent  Heal  of  "Water  and  ol 
Steam  ;  illustration  and  definition  of  Specific  Heal; 
specific  heat  Determined  by  Mixture;  Bpedfie 
heat  Deternnined  by  Melting  Wax;  taWea  of 
qteciiio  heat,  and  the  Specific  Heat  of  Water. 


^s 


ECTION    !V. 


MODES    OF    DIFFUSING     HEAT 


MWt*' 


«oa.  Diffusion  of  Heat.— Heat  is  diffaaed  to  three  i 
11^  condactioD,  convection,  and  radiation.     Whatever  the  mode  ol 
liAueion,  there  is  a  tendeacj  to  produce  unifonuitj  of  tempentan. 

603.  Conduction. — If  one  end  of  an  iron  poka*  be 
thrust  into  the  fire,  the  other  end  will  soon  become  too 
warm  to  be  handled.  It  haa  been  heated  by  conduction, 
the  molecules  firat  heated  giving  some  of  their  heat  to  thoee 
adjacent,  and  these  passing  it  on  to  those  beyond.  Thert 
was  a  transfer  of  motion  from  molecule  to  molecule.  Tht 
process  iy  which  heat  thus  passes  from,  the  hotter 
to  the  colder  parts  of  a  body  is  called  cortduetion 

'  of  heat.    The  propagation  ia  very  gradual,  and  as  nipid 
I  through  a  crooked  as  through  a  straight  bar. 

604.  Differenpes  hi  rondiirtivity.— If,  inatmi 
of  an  iron  poker,  we  use  a  glass  rod  or  wooden  stick,  thf 

Lend  of  the  rod  ma^  Vw  laettea.  wi  '^^  «si  -^s  tie  s^ 


burned  without  rendering  ttio  otiier  end  nncomfortal 
warm.  We  thus  see  that  some  substances  are  good  con- 
dnct^ra  of  heat  while  some  are  not  Thrust  a  silver  and 
a  German  silver  spoon  into  the  sumo  ycssel  of  hot  water, 
and  the  handle  of  the  former  will  become  much  hotter 
than  that  of  the  latter. 

(a.)  Fig,  307  represenla  a  bar  oE  Iron  and  one  of  copper  placed 
end  to  end  so  aa  to  be  healed  eqiially^  lij  the  flame  of  the  lamp. 
Small  balls  (or  nails)  are  fastened  b;  was  to  the  under  surfaces  of 
the  bars  at  equal  distances  apart.  More  lialls  can  be  melted  from 
the  copper  than  from  the  iron.  The  numbtr  of  balls  melted  off,  not 
tba  rapiditg  vrith  which  they  fall,  is  the  test  of  conductivity.  The 
rapidity  would  depend  more  upon  specific  heat. 

{(i.)  Relative  thermal  conductivity  of  some  metals : 


Stiver 100 

Copper 74 


Tin.. 


15 


Platinum , , 


Bismuth  . 


The  above-named  metals  arrange  themselves  in  the  same  order 
witli  reference  to  the  conduction  of  electricity,  silver  being  the  host 
und  bismath  the  poorest.  This  relation  suggests  a  umilailty  of 
nature  between  these  two  agents. 

605.    Coiidnrrtivity  of  TlniAs.— Liquids  and 

aeriform  hitijies  are.  poiir  conductors  of  heat.  The 
snrraf  0  of  a  liquid  may  be  intensely  heated  without  sensibly 
tffccting  the  temperature  m  iucU  \)elo^. 
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(a.)  Coric  tliB  neck  of  a.  glass  funnel  and  pass  the  tvbe  of  u 

Inverted  thermameter  throogh  the  (;ork,  or  use  on  oil 
thermometer,  as  shown  in  the  figore.  Cover  the  t]i«- 
mometer  bulb  to  the  dcipth  of  about  half  an  inch  witii 
Vfutv.i.  Upon  the  water  poor  a  little  sulphuric  ether 
uml  ignite  it.  The  beat  of  the  flame  will  be  iotoiEii 
enough  to  boU  a  smsll  quantity  of  water  held  <nw  it 
but  the  thermometer  below  will  be  scarcely  nflecWi^ 
Fasten  a  piece  of  ke  at  the  bottom  of  a  "glass  tube, 
and  cover  it  to  the  depth  of  several  inches  with  woUt. 
Hold  the  tube  at  an  angle  of  about  45'',  and  appljllia 
flame  of  a  lamp  below  the  upper  part  of  the  wbwj 
The  water  tliere  may  be  made  to  boil  without  melUng 
_the  ice  The  conductivity  of  ga£eB  is  probably  bwet 
Fig.  308,    than  that  of  liqalds. 

60G.  Convection. — Fluids  (with  the  exception  of 
mercury,  which  ia  a  metal)  being  poor  condacfoia,  thej 
cannot  he  heated  as  solids  gen- 
erally are.  Water,  e.g.,  must  be 
heated  from  below;  tbe  lieated 
molecules  expand  and  rise  while 
the  cooler  ones  descend  to  take 
their  place  at  the  soorce  of  heat 
These  currents  in  heating  water 
may  be  made  visible  by  dropping 
a  small  tinantity  o(  cochineal  or 
oak  sawdust  into  tbe  vessel  con- 
taining the  water.  This  method 
of  diffusing  heat,  by  aetunJ 
motion  of  heated  fluid  m.asse«, 
is  called  convection.    Expansion 

by  heat  and  the  force  of  gravity  are  essential  to  coiirectwn 
Since  aeriform  bodies  are  expanded  more  by  host  ttiE 
li'jnida  arc,  these  carceuta  of  heated  gases  are  luorewtin 
than  those  ot  \i(\ii\iB.  ^eiicfe  &<!  &i^&a,  t^  v«ag»tti 
ltove$,  the  existence  oi  ttaSie  m'tt^'sS 


itODSS  OF  DIFFVSIA-G  HE  A  T. 

tt07.  The  Third  Mode  of  Heat  Diflftision.— W 

band  is  held  over  a  healed  stove,  lieat  is  carried  to  the  hand  hy  con- 
vection and  givew  up  to  the  liand  liy  condiictioi..  But  wheo  the 
hand  is  lield  before  !lie  atovft  it  ia  also  heated,  not  by  conduction,  for 
Qnids  have  little  conducting  power ;  not  by  convection,  for  uonvec- 
lion  uarrents  are  BBcending'.  How  then  does  the  heat  get  to  the 
handT  The  query  comes  to  ua  with  still  greater  force  wlien  we 
Xiuaider  the  transmission  of  the  sun's  beat  to  the  earth,  for  the 
itmosph^re  can  carry  it  by  neither  conduction  nor  convection. 
More  important  yet,  iiow  does  the  sun's  heat  reach  the  eartli'a 
atmoaphore  7  Tlda  heat  pssaes  llirougli  the  atmosphere  without 
heating  It.  If  along  a  poker  thrust  into  tlie  fire  the  hand  be  moved 
toward  the  atove,  the  temperature  increasea.  If  a  person  ascend 
through  the  atmosphere  toward  the  bud  the  temperature  diminiahea. 
We  Iiave  here  a  wholly  new  set  of  tliennal  phenomena,  heat  pass- 
g  thiough  a  substance  and  leaving  the  condition  of  lliat  substanca 
Bchanged. 

1 608.  Lumiiiiferous  Ether. — lu  the  case  of  actual, 
icbanical  energy,  the  rapid  motion  of  bodies,  e.  g.,  a 
rating  guitar  string,  is  partly  carried  off  by  the  air  in 
V  shape  of  sound.  When  tlie  sound  reaches  the  auditory 
pe  it  represents  a  certain  amount  of  meehanieal  energy 
totion  which  has  been  carried  from  the  string  by  the 
There  is  sufficient  reason  for  believing  that 
t  is  a  medium  pervading  all  space  which  car- 
%  off  part  of  the  invisible  motions  of  molecules, 
',  air  carries  off  a  portion  of  the  motion 
!>ing  masses.  This  medium,  called  tlie  Inminiferons 
',  occnpies  all  space.  The  gaps  between  the  sun,  the 
planets  and  their  satellites  are  filled  with  this  ether.  "  It 
malces  the  universe  a  whole  and  renders  possible  the  inter- 
communication of  light  and  energy  between  star  and  star." 

«01K  Density  and  Elasticity  of  the  Ether.— ThU  ether 
H^fe  wonderful,  not  only  in  its  incoiiiprehenaible  vastness  but  equally 
^^Bfii  its  subtlenesa.  WhUe  it  surrounds  the  suns  of  unnumbered 
^^^■fems  and  fills  all  interBtellar  Boace.it  aliKi  wuTQ\Ut^\^vbina^\X.«^ 


fib  firtpnmttecDltt  gpace  as  welL  hh 
it  k  the  mfidimn  lay  which  Bglit  ii 
ft  raBmum  cuxier  far  bodi  heat  and  li^ 
c  iht'  TelnotT  of  Bonnd  depends  upon  tiro 
and  ihp  denuty  of  the  medium.  The 
ts.m.  -o^  'v*::^  'ctr  ^«ii  viit£t:  the  ether  transmitB  heat  and  light  I8 
«n-  •:  --.•^-«.-£  ^.f^HC  !^^Ah  miitt  rtt  aecond^  oompelB  118  to  aaBamB 
\r  Us.  eiSMT  Mkii  ukUMm  I  111  ill  ij  and  cxtrame  tennily. 

^HX.  Krfitwff  Hart,— Ve  haTe  fleep  that  the  mde* 
r^.-.^  .:'  A  :«:Mp^  MCT  sTf-  in  a  state  of  actiye  Tibiation. 
r.  T  rs>ix.'i  4t:  t:te#  rucsdiur  JDolecsiiIfiB  is  oommnnicated 
7.  z.^.  -.'Ui:'*  &ii£  zrsxksmiTseii  lir  iu  as  waTea^  with  wonder- 
T^  :. .'.'.:  T:  i::s^  wMt  ^n>a  hold  tout  hand  before  a  fire^ 
z:-:  «dr7c.a  zzj^:  ^mx  f^\  is  dne  to  iiie  impact  of  thesd 
:^::  iv-a^-^is  i.>.ii  r.^rr  <izx :  lier  thiow  the  nenres  intc 
it.C'. :.  ;*.<  ja>  *.^r^^£-v4Txs  sciw  tiie  auditory  nerve,  and 
'•. :  ,v.r.s.'2.-.-sCK«  .rr^^jxcriiy:  to  this  motion  is  what  we 

<.  ..>.::.:.-*;>    .'•.rr^.:^  fym\^  of  TiX'ttft^r,  U 

1\  :  ;  :  r.     T'.^  i  r*.  •/-  .sss  ;. -"  jwijpagation 

l-y   :•:...'.:.    -'.:.:'. .;r: .*z. 

Oil.    The  TrHnsiui$:$ion  through  a 

Vaeuiiiii. — -V  :  \\.i7Lt  h'fat  icill  traverse  a 

ta^'-.t. '.<,.»//..     \\\   m:^^:-  izier  xhis  &om  the  fv*t 
thji:  :.'.v^  <UL  ra^iia:e<  hear  to  the  earth.    It  may 

bv  a.'sj  >::<jwu  exp^rr  mentally. 

(a )  A  tlifirrmuiii^er  is  sealed  air-tight  in  the  hottom 
of  a  ^{iina  ^\o\)^  in  such  a  way  that  the  bulh  is  near  the 
c«'iitr«  <if  thi*  ^lobe.     Tht*  nec-k  of  the  flask  is  to  be     pic.  31a 
alMxit  a   yard   lon^.     The  apparatus  being  filled  with 
iinTrury  and  inverted  over  a  mercury  bath,  a  Torricellian  vacuum 
in  fiirniitl  in  the  ^lobe  and  upper  part  of  the  tube.    The  tube  is 
iUt'n  melttnl  off  above  tVie  meviUTy.    NS^V>L«i;l\.\^CL«>^<(^3(^^&^xnmeIsed 
iu  Lot  watt^r,  the  thenuonxetet  \miiiev^\»L\ft\^\si^^»^M^*.T«ft^\Ni^ 
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peratore.    There  la  no  chance  for  convection ;  conduction  acta 
e  slowly. 

GVi.  Reetiliuear  Propagation. — Badiani  he 
travel's  in  straight  lines  thron^gU  any  unifor 
medium. 

(a.)  Between  on;  source  of  beat  and  a  thennometer  place  seTeral 
screejis.  It  holts  be  made  in  tbe  Hcreena  (See  Fig.  3.'l)sothata 
straight  line  fruiu  the  source  of  beat  to  tbe  tbermometer  may  paaa 
through  them,  the  thermometer  will  be  aSected  bj  tbe  beat.  By 
moving  one  of  tbe  acreeoH  BO  that  its  opening  is  at  one  side  of  thia 
line,  the  heat  is  excluded.  In  a  very  warm  day  a  person  may  step 
from  a  sonny  into  a  shady  place  for  the  same  reason.  Tbe  beat  tliat 
moves  along  a  single  line  is  called  a  ray  of  heat. 

(>]3.   Radiatiou  Equal  in  all  Directions, 

Seat  is  radiated,  equally  in  all  directions.    If 
iron  sphere  or  a  kettle  of  water  be  heated,  and  delicate 
therm ometera  placed  on  different  aides  of  it  at  equal  diB- 
tances,  they  will  all  indicate  the  aame  temperature. 

614,  Radiation  Depends  upon  Tempera^ 
ture  of  tlie  Source. — Tlie  intensity  of  radiant 
lieat  is  proportional  to  tfie  temperature  of  th»t 
source. 

(a.)  Near  a  diSerential  thermometer,  plac«  a  vessel  of 
warmer  than  tbe  temperature  of  the  room.    Notice  the  cSect  upon 
the  tbermometer.     Heat  the  water  10"  more  and  repwit  the  eiperi- 
ment  at  the  same  distance.    Then  heat  the  water  10°  still  more  and 
repeat  tbe  eiperiment  again.    The  effects  upon  the  themtometer 
be  as  tbe  numbers  one,  two  and  three. 

615,  Effect    of    Distance,— 2?ie    intensity  o^ 
radiant  heat  varies  inversely  as  tihe  square  of  t 
distance. 

(a.)  Place  tbe  difFerential  tbermometer  at  a  certain  distance  fro 
the  heated  water  and  note  the  effect,  Removing  the  thermomet 
U)  twice  that  distance  tbe  effect  is  only  oiiB-fou.rth  aa  pwl,<At, 


Uiat  I 


n 


616.  Incident  Bays.— When  radiant  beat  M> 
Upou  a  Biirliico  it  may  be  transmitted,  absorbed  or  reflwted 
Jf  tranamilted,  it  mny  bo  refracted.  Rock  suit  crjjila] 
transmits  nearlj  all,  reflects  very  little,  and  absorbs  hardly 
any.  Lampblack  absorbs  iiQarly  all,  reflects  very  littlcj  ami 
tranamite  none.  Polished  silver  reflects  nearly  all,  absorbj 
a  little,  and  transmits  none. 

617.  Diathermancy. — Bodies  that  transmit  ra- 
diant heat  freely  are  called  diaUiermanous  f  those 
that  do  not  are  called  athemianons.  These  term) 
are  to  beat,  what  transparent  and  opaqne  are  to  light, 
Rock  salt  la  the  most  diathemianons  substance  known. 
Heat  that  is  radiated  from  a  non-luminous  source,  ae  ^m 
a  ball  heated  below  rcdnesa,  ia  called  obscure  beat;  whik 
part  of  that  radiated  from  a  Inminons  sonroe,  as  from  ttio 
sun  or  fmm  a  ball  heated  to  redness,  is  called  luminont 
beat.  Heiit  from  a  laminoua  source  is  generally  composed 
of  both  luminous  and  obscure  raya. 

618.  Selective  Absori>tioii. — The  power  of  m 

given  substance  to  transmit  he;it  varies  with  the  natureot 
the  heat  or  of  its  source.  For  exiiniplo,  glass,  water  or 
alum  allows  the  sun's  luminous  heat  rays  to  pass,  while 
absorbing  nearly  all  of  the  heat  raya  from  a  vessel  filled 
with  boiling  water.  In  other  words,  these  snbetances  an; 
dia  therm  an  oua  for  luminous  rays,  bnt  uthermanona  fnf 
obscure  rays.  The  physical  difference  between  luminuiu 
and  obscure  heat  raya  will  auhsequently  he  explained. 

(ii.)  A  solution  of  Iodine  in  carbon  d!-snlphlde  transmits  obHeM* 
■  njH  but  absorbs  luminoua  mya.     Ej  means  of  tbeee  snbsIannA 
13  and  obscure  raj'B  may  be  sifted  or  separated  trom  pmI 
Dry  n!r  Is  liiglily  diathermajiouH ;   watery  vapor  is  Ug^ 
a  (or  gliBciue  ib-ta. 


^^^^^r  HEfLECTION  OF  BEAT, 

619.  Reflection  of  Heat.— When  radiant  beat 
falla  upon  an  atbermauous  bcniy,  part  of  it  is  generally 
absorbed  aud  raises  the  temperature  of  the  body.  The 
rest  is  leflected,  the  energy  still  existing  iu  the  other  waves. 
Th«  angle  of  incidence  equals  the  angle  of  refl, 
Uon  (§  97). 


Fig.  311. 


(a.)  In  Hg.  311,  the  source  of  lieat  at  ^  Is  a  Leslie's  cube  filled  with 
hot  water.  S  is  an  athennanoas  screen  with  an  aperture  foe  the 
passage  of  raya  from  .-1  to  the  reflector  B.  The  Hue  GB  is  per- 
pendicular to  the  reflector.  Wlien  D,  the  bulb  of  the  differential 
thermutneter,  is  placed  so  that  tlie  angle  AEG  equ.ils  the  angle 
DBG,  the  reflected  raja  will  atdke  the  bulb  aud  raii>e  the  temper- 


620.  Reflection  by  Concave  Mirroi's.— By  the 

use  of  apherical  or  parabolic  mirrora,  remarkrble  heating 
effects  may  be  produced.  When  parallel  rays  (like  the 
sun's  rays)  strike  directly  upon  such  a  mirror,  they  are 
reflected  to  a  focus.  Any  easily  combustible  substance 
held  at  the  focus  may  be  thus  ignited. 

(a.)  Two  such  mirrors  may  be  placed  as  shown  in  Fig.  313.  At 
the  focuB  of  one  reflector  place  a  hot  iron  ball  ;  at  the  focua  of  the 
other,  a  bit  of  phosphorus  or  guD-ooCton.  If  the  apparatus  be 
tuaaged  with  exactness,  the  combustlUe  mAW  \«  t^axdisXT  XeiiAi^i. 


REFRACTION  OF  OEAT. 


'  Beplace  the  Iron  ball  with  a  Lite's  cube  cootaaniiiK  hot  witer; 

I  at  the  focoB  of  the  other  reflpclor  place  one  bulb  of  the  ili^Tentii3 

I  Uiennoineter.     The  rise  oF  temperature  at  this  Focus  will  lie  dearif 

I  shown,  even  icAen  the  other  bulb  in  nearer  the  aaaree  of  h*at  (Aan  Ai 

631.    Refraction   of  Heat — Wliet.  raya  ofheat 

fall  obliquely  upon  a  diathcrmaoous  body,  they  will  be 

bent  from  a  Btraight  line  on  entering  and  leaving  the  bodj. 

This  bending  of  the  ray  is  called  refraction.    Maaj 

rays  of  heat  may  thus  be  concentrated  at  a  focus,  as  in  thfl 

case  of  a  eommoii  burning-glass.    By  the  aid  of  a  spectacle 

^k  glass,  the  sun's  rays  may  be  made  to  ignite  easily  combu- 

^B^ble  substances.    The  refraction  of  obscure  rays  cauuot 

^P%e  shown  by  a  glass  lens,  since  glass  is  athermanoos  for 

^r  Buch  rays.     But  if  a  rock-salt  lens  be  held  before  a  source 

K  of  obscure  beat,  and  f^e  fac^  o^  a.  X^uisiq^'^  ^Uc^d.  4 


the  focus  of  the  lens,  the  galvanometer  needle  will  at  once 
turn  aside,  showing  a  rise  of  temperature.  If  the  face  of 
the  pile  be  placed  anywhere  else  tlian  at  the  focns,  there 
will  he  nu  such  de&ectiun  of  the  needle. 

633.  Cbang^e  of  Kadiant  into  Sensible  Heat. 

--Of  ail  the  rajs  falling  upo.t  any  sabetanoe,  only  those 
that  are  absorbed  are  of  effect  in  heating  the  body  upon 
which  they  fall.  The  motion  of  the  ether  waves  may  be 
changed  into  vibrations  of  molecnles  of  ordinary  matter, 
and  thus  proiluce  seneible  heat,  but  the  same  energy  can- 
not exist  in  waves  of  ether  and  in  ordinary  molecular 
vibrations  at  the  same  time. 

(a.)  PhoaphoruB  or  gTin-cottoa  may  be  ignited  by  solar  rays  at 
ihe  focus  of  a  lens  made  of  cieor  ice.  Tlie  heat  raya  pass  through 
the  ice  witboat  melting  il.  It  is  only  wbeo  tlie  radiation  ie  stopped 
that  the  energy  of  the  ray  can  \raim  anytbing. 

623.  Determiiiatlon  of  Absorbing,  Reflecting  aad 
Radiating  Powers.— For  Gipeiimenta  in  determining  the 
aljsorbing,  reflecting  and  radiating  powers  of  solids,  the  s])|iarsttu 
generally  used  consists  of  a  Leslie's  cube,  concare  mirrors  ol 
different  inateriala,  and  a  dlfleTeutial  tbermcmeter  or  a  thermopile. 
The  Leslie's  rube  is  a  box  alKiut  three  incbes  on  each  edge,  the 
ridea  being  made  of,  or  covered  with,  different  mattirials,  to  abow 
their  differences  in  radiating  power.  The  cube  filled  with  hot  water 
Is  placed  before  the  reflector,  and  a  bulb  of  the  thennomeler  Is 
placed  at  the  focus.  By  turning  different  faces  of  tbe  cube  toward 
the  mirror,  the  relative  radiating  powers  are  determined.  By  using 
different  mirrors,  tlie  reflecting  powera  are  determined.  By  coating 
the  bulb  with  different  substaiicra,  their  absorbing  powera  are 
detenmined.  The  relative  radiating  powers  of  several  conuDOD 
sabstancee  are  as  given  below: 

Lampblack  100  I  Tarnished  lead. 4a 
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Mutual  Relations  of  Absorption,  Re- 
<n  and  Rjidiation. — Bj  meana  \\Vft  Xl&«»:  -roKa. 
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(joned  in  the  lost  paragrapti,  it  has  been  ebown  tint 
good  absorbents  are  §ood  radiators  oftd  poor  rr* 
fieotors,  aiid  vice  versa  ;  that  the  radiating  power  of  a 
body  depends  largely  npon  thu  uatiiru  uf  its  surrace ;  tliot 
smoothing  and  jwlishing  the  sni-face  Iultl-hkub  reflectiug 
power,  aud  dimiuiBEies  absorbing  aud  nuliating  powor: 
that  rongbening  and  tarnishing  the  surface  increaseB  tlie 
absorbing  and  radiating  powers,  and  diminishes  the  re- 
tiectiug  power.  Tlie,  powers  of  absorption,  and  radi- 
ation go  hand  in  hand.    (See  %%  721,  722.) 

(a.)  Hake  a  thi<^k  paint  of  a  teaspoonfal  of  l&mpblwik  and  t 
Httle  keruaene  oO,  Witli  this,  iiaJnt  tlie  right-haod  (ace  of  iht 
lett-Iiund  bulb  (tiu  caii  of  tLe  differentliil  ihormotnet^r  described  in 
Appendix  K).  Provide  another  oyster  win  and  paint  one  ride  Willi 
the  Isniplilack.  Fill  this  third  uao  with  boiling  water  And  plam 
it  on  tlio  wooden,  strips,  midimy  between  the  two  tin  bulbs,  the 
two  bluckened  surfaeca  fadng  each  otiiei'.  The  heat  radiated  and 
absorbeil  by  tliii  two  blackened  eurfaces  will  exceed  the  faest  ladt 
ated  and  atworbed  hy  the  two  equal  nniminted  surfaces  that  fttx 
each  other.  The  inoveuient  of  the  colored  ulwjhol  Ln  the  tube  wili 
show  this  to  be  true. 

G33.    Sympathetic  Vibrationa.— The    relation 

between  i-adiation  and  absoi-ption  of  heat  is  closely  antilo- 
gous to  the  relation  between  the  i-adiatiou  and  absorption 
of  sound.  If  a  set  of  souod  waves  fall  upou  a  string 
capable  of  producing  similar  waves,  the  Btring  ia  set  in 
motion  and  the  sound  waves  weakened  (g  50H),  'Wlien 
ether  waves  of  a  given  kind  fall  upon  a  body  whose  hioIb- 
cules  are  able  to  vibrate  at  the  same  rate,  and  thus  to 
reproduce  similar  waves,  the  kinetic  energy  is  transfemd 

k  from  the  ether  to  the  molecules,  the  molecules  are  heated, 
;  radiant  energy  absnrhed.    Thig  ability  to  absorb  -wit 

k  motion  of  any  partienlar  kind,  implies  the  ability  to  leprfr 
Inoo  the  same  ku\ii  ^l  wMea.   W.'CaisrAapsia,. 
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that  a  body  that  can,  absorb  any  particular 
of  heat  rays  can  radiate  the  same  kind. 

Nate. — It  will  be  seen  farther  on,  that  obscure  heat  raya  dlfFei 
from  ligbt  miiy  in  thr,  malHr  of  ifavr.  length.  Most  ot  the  phenomena 
of  one  maf  be  shown  to  pertain  to  the  other.  Absorption,  rodiatioD, 
reflection,  tranamisHion  and  refraction  of  rajs  follow  the  game  laws, 
whether  the  agent  be  called  heat  or  light.  Other  phenomeaa,  such 
as  interference  and  polarization,  more  satiefactorily  studied  with 
luminous  raja,  have  been  produced  with  obacure  rays.  It  should 
he  borne  in  mind  that  the  most  delicate  instruments  yet  made  are 
far  less  sensitive  to  obscure  heat  than  is  the  eye  to  light.  A  candle 
flame  may  be  seen  a  mile  away  ;  any  one  might  well  be  pleased  with 
it  that  would  detect  its  heat  at  the  distance  of  a  lod. 


Questions. 


stance  of  a  lod.      ^^^J 
e  touch  than  pool  *l 


n  shiaee  after  a 


n  a  clear  than  o 


I,  Good  conductors  feel  warmer  or  cooler  in  tl 
conductors  of  the  same  temperature.     Why  t 

3.  Why  is  it  so  oppressively  warm  when  the 
smuner  shower  ? 

3.  Why  IB  there  greater  probability  of  frost  i 
a  cloudy  night  ? 

4.  Can  a.  good  absorbent  be  a  good  reflector  of  heat  t  Is  a  good 
abeorbent  a  good  radiator,  or  otherwise  7 

5.  Explain  why  the  glass  covering  ot  a  liot-bed  or  conservatory 
renders  the  confined  air  warmer  than  the  atmosphere  outside. 

6.  From  your  own  experience,  decide  which  is  the  better  con- 
ductor ot  heat,  linen  or  woolen  goods,  ail-cloth  or  carpet. 

7.  Why  are  the  double  walls  of  ice-houses  filled  with,  sawdust? 
Why  do  fire-proof  safes  have  double  walls  inclosing  plaster-of- 
Paiis  or  alam  ? 

8.  Why  do  furnace  men,  firemen  and  harvesters  wear  woolen 
clothing?    Esplain  ibe  use  of  double  windows, 

0.  Bow  may  heat  be  diffused  ?  How  is  the  surface  of  the  earth 
and  how  is  tlie  atmosphere  heated  1  Can  you  boil  water  in  a  vessel 
with  heat  fliii>lied  from  above  ?    Why  ? 


Recap itiililti on. — In  tbis  section  we  have  considered 
Conduction;  ihe  conductivity  of  Fluids;  CoQ 
Y^tipnj  thp  Luminiferous  ^VVv-qt,  \\a  ^^"g 


(it.)  Mtnch  a,  hnae  tulxi  ID  ein.  long,  oboat  3  cm.  in  diameter  ud 
dosed  at  tho  bottcmi.  U'  a  wbirlliig  table.     Partly  All  Hie  tube  villi 

■Icoliol  and  cock  the  open  end.     Press  the  tube  between  Iwo  pieces 

^B    of  board  hinged  togetlicr  aa  ahowii  in  the  Hgure.     The  boftrdaihould 
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hftTe  two  grooves  for  llie  reception  of  the  tube  ;  the  inner  /mm  of 
the  boards  may  be  covered  with  leather.  When  the  machine  is  wi 
in  motion,  the  friction  warms  and  soon  boik  the  alaohol.  The  Tipot 
drives  out  the  cork  witll  explosive  violence, 

630.  First  Law  of  Thermodynamics. — Whm 

heat  is  transformed  info  mechanical  energy  or 
mechanical  energy  into  heat,  the  quantity  of  heal 
equals  the  qttantity  of  mechanical  energy.  This 
principle  ia  the  coraer-stone  of  thennodyn amies.  It  it 
%  particular  case  under  the  more  general  law  of  the  Uon- 
servation  of  Energy. 

I     631.  Jonle's  Equivalent. — It  isa  matter  of  greai 

Importance  to  determine  the  numerioal  relation  between 
■eat  and  mechanical  energy;  to  find  the  equivalent  ur  a 
Ipat  nnit  in  units  of  n'ork.  This  equivalent  was  first 
^^tuaed  by  Br.  3oQ\e,  o^  U«acV<ii,teT,  England^Bif 


iSperiments  wore  equal  in  number  and  variety  to  the  im- 
portance of  the  Bubject.  He  showed  that  the  mechanical 
value  of  the  heat  required  to  warm  a  given  weight  of 
water — 

r  C.  «ottld  lift  the  water ] .  ^  f^""'  '^"'«'  K"''**^- 

(1,390  feet  "  " 

1°  P.,  woiUdliflthe  waWr 773    " 

and  repreaeota  41,553,000,000  erga  per  calorie. 

Any  weight  unit  may  be  nsed  without  changiug  the 
above  values  which  should  be  remembered. 

Referring  to  ci-ntigrade  degrees,  we  say  that  the 
mechanical  value  of  a  calorie  ia  424  kilogramme ters  or 
that  of  the  third  unit  (§  579  a)  is  1,390  foot-pounds. 

Beferriag  to  the  fourth  heat  unit  mentioned  in  g  579  (a), 
■^e  Bay  that  its  mechanical  value  ia  773  foot-pounds. 

633.  The  Use  of  Joule's   Equivalent.— The 

nee  of  the  mechanical  equivalent  of  heat  may  be  well  shown 
by  the  solution  of  a  problem. 

(«.)  If  B.  cannon-ball  weighing  102.1)6  ponnds  and  moving  with  a 

velocity  of  2000  feet  per  second,  bs  suddenly  Btopped  and  ail  of  its 

kinetic  energy  converted  into  heat,  to  what  tempBratare  would  it 

warm  100  pounds  of  ice-cold  water  ? 

„,    ^                   lev'      ina.9i 
Kinetic  energy  =  — —  = 

12000000  +  773  =  15544  +  heat  iiuits. 

15544  -f-  100  =  155.44  Leat  units  for  each  pound  of  water.  Thia 
would  raise  the  temperaturt  155.44'  F.,  leaving  it  at  187.44"  F.  Am. 
(b.)  Knowing  the  weiglit  of  the  earth  and  its  orbital  velocity,  we 
may  easily  compute  the  amount  of  heat  that  would  be  developed  by 
the  impact  of  the  tarth  againat  a  target  strong  enough  to  atop  ita 
motion.  The  heat  thus  generated  from  thn  kinetia  energy  of  the 
...ftli  would  Im  .suffii-ifnt  to  fuse  if  not  vaporize  It,  equalling 
Ibat  derivable  fiurii  the  comliustiou  of  fourteen  globes  of  ooal 
1  equal  to  tlie  earth  in  size.  AftiT  the  stoppage  of  ita  orbital 
I  would  surely  be  drawn  to  the  san  with  continuall.v 
f  velodtj.     The  heat   iii8to.ulAawiiis\3  itNeVi-yA  Ixova 


B  impact  of  the  plnnetarj  projectile  would  equal  tliat  d 
le  combustion  of  5000  gloljet  ol  coal  each  equal  ti 
ThiB  is  tlie  measure  of  tlie  potential  energy  ot  ti 
■considered  as  a  raosa  separated  from  the  aon. 

633.  Chemical  Afflnily.— We  have  already* 
shot  there  are  forces  in  nature  compared  with  which  tlio 

Rforce  of  graviby  ia  insignificant.     (Read  carefully  the  first 

pai-agraph  in   thia  cliapter.)     Whan  coal  is  burned,  the 

carbon  and  oxygen  particles  nish  together  with  tremendous 

violence,  energy  of  position  being  converted  into  energy  of 

I!  motion.     The  molecular  motions  produced  by  thia  clashing 

vof  particlcB  constitute  beat  and  have  a  mechanical  valne. 

634.  Heat  Eqnivalentof  Chemicat  Unioo.— 

!f  a  jMund  of  earbon  be  burned,  t!ie  heat  of  the  combns- 
Ition  would  raise  about  8.000  pounds  of  water  1°  C.    In 
|.]ike  manner,  the  combuBtion  of  a  gram  of  hydrogen 
■  yield  about  3^^,000  lesser  calories. 

{n.)  The  following  table  ghowa  the  healing  powers  of  sereiS 
sutmtancea  when  burned  in  oxvgeii : 

Hydrogen 34.483  I  Alcohol  (C,H,0). 0,850 

Marsh  gas  (CHJ 18,063      Phosphorua 6,747 

Petroleum 13,300      Carbon  protoxide  (00) 3.403 

Carbon. 8.0S0  |  Sulphur 8,as« 

I  (ft.)  The  calorific  powers  mentioned  above  may  be  adapted  tn  Ttii- 
Lwnheit  degrees  by  multiplying  them  respectively  by  J.  As  Vifi 
■■land,  the  numbers  represent  the  number  of  limes  its  own  weiplii. 
Bol  water  that  could  be  warmed  V  C  byboming  the  mbetance  iu 
PiSjgen. 

&    635.  The  Steam-Engine.— The  ateam-ongine  is  a 

pnaeliiTie  for  utilizing  the  tcTision  of  steam.  Ita  essentinl 
Tp:ii-is  :nv  ;i  boiler  for  the  generation  of  steum,  and  a  cylindu 
U^  the  appJicaUw  ol  ^fi  tewau  Nj^  ^  ^M^^^^^^^^^ 


J.    in 
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n.)  Aa  in  the  caae  of  water-power  tlie  production  or  moohBnicBl 
luetic  energy  inrolTeB  the  fail  of  water  from  a.  higher  It)  n  lower 
n-power  the  production  of   viaible 
energy  involves  (he  fall  of  heat  from  a  higher  to  a  lower  temper- 


(536.    Single-Acting    Engine.— In  a  single-acling  ateam 

engine,  the  piston  Is  pushed  one  way  by  the  tension  of  the  steam. 
The  steam  ia  then  condensed  and  the  piston  driven  back  by  atmoe 
pheric  pressuro,     Sach  eu^nea  have  gone  out  of  use  and  have  only 

FhlstoricaJ  interest. 
637.  Double  -  Acting  Engine.  — In  a  double- 
autiQg  steam-engine,  the  steam  is  admitted  to  the  cyHnder 
alternately  above  aad  below  the  piston.  Thia  alternate 
ftdmissioQ  of  the  steam  is  accomplished  by  means  of  i 
pliding- valve.  The  Hlidiog-yalve  is  placed  in  a  steam-chest, 
I  which  is  fastened  to  tho  side  of  the  cylindrr  C. 


3"5- 


n[a,)  In  the  figure,  ihB  steam-chest  ia  represented  as  being  placed 

Bt  a  distance  from  the  cylinder ;   tliis  is  merely  for   the   purpose 

of   making  plain  the  oommuuicating  pBaangca  Vs   Mii  troni.  *Ja* 

,  elKwt    ^^eiMo  from  the  boiler  enters  Rt  M,  paawa  Vtawa^  A.Nr'^r 


H  ^linder,  where  i(  pushes  dowo  the  piston  as  IndlcBted  b?  the 
^  MTOWB.  The  steam  helow  the  piBton  escapes  bj  B  and  N.  As  lis 
"  piston  neara  the  opening  of  B  in  the  cylinder,  the  sliding-TBlve  is 
raised,  by  meane  of  the  rod  B,  to  the  position  todicated  In  Kg. 
367.  Steam  now  enters  the  rylinder  by  B  and  pueiius  up  tlie  piston. 
The  steam  above  the  piston  pscapps  by  A  and  If.  As  the  piston 
neare  the  opening'  of  A  in  the  iiylinder,  the  sliding-'alve  la  pushed 
down  by  Ji  and  the  process  ie  thus  repeel«d.  The  piston-rod  and 
the  sliding-valve  rod  work  throngh  etewn-tight  packing -boxt*. 
(Appendix  S.) 

6:}8.   Tlie  Eccentric— By  means  of  a  oranfc  or 

|.Biinilar  device,  illuBtruted  in  eommon  foot-power  maohinei} 
I  like  the  turning-lathe,  scroll-saw,  or  sewing-machine,  the 
I  alternating  rectilinear  motion  o£  the  piston-rod  is  changed 
uto  a  continaouB  rotarj  motion.  A.  circular  shaft  is  thus 
I  a  revolution  for  every  to-and-fro  movement  of  t!ie 
teton.  This  shaft  gonernlly  ciirries  an  eccentric  for  work- 
g  the  sliding- valve  rod  li.  The  eccentric  [Fig.  317)  con* 
e  of  a  circular  piece  of  metal,  e,  rigidly  attach^  to  the 
iaft  of  tho  engine  S.  m  BTiciH  a.  \iO^V\ovs.V^Bi.t.l\a  centrp  of 
Re  piece  doea  not  comcii©  mft^  &a  c^ivAxa  a^J 


TB£  STEAM-ENGINE. 


The  eccentric  ttmiB  within  a  collar,  which  is  fastened  to 
the  frame  T.  Every  turn  of  the  shaft  moves  the  eccentric 
with  its  collar  and  the  frame  T,  backward  and  forward  into 
the  two  poaitions  indicated  by  the  full  and  dotted  linea  of 
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Fig.  317. 

Fig.  317.  The  point  a  may  be  fastened  directly  to  the 
sliding-valTfi  rod  or  through  the  agency  of  the  bent  lever, 
cAc,  as  the  circumstances  of  the  ease  render  more  desirable. 

639.   The   Governor    and  Fly-Wheel The 

Hdmission  of  steam  through  J/ (Fig.  31G)  is  regulated  by  a 
throttle  valve  worked  by  a  governor  (Mg.  318).  A  vertical 
ehaft  is  given  a  rotary  motion  by  the  machinery.  To  tlie 
top  of  this  rod  are  binged  two  arms  carrying  heavy  balls,  bb. 
From  these  arms,  supports  extend  to  a. 
collar,  c,  surrounding  the  vertical  rod. 
This  collaris  connected  with  a  valve  con- 
trolling the  admission  of  steam  to  the 
I  valve-chest  in  such  a  way  that  when  the 
collar  rises  the  valve  closes.  As  the 
machinery  increases  its  speed,  the  ball? 
revolve  more  rapidly  about  the  vertical 
axis  and  tend  to  fly  further  apart  (§  74). 
■doing  so,  they  raise  the  collar  and  partly  close  the  valve, 
■fRminisliIng  the  supply  of  steam.  The  machinery  is  Ihus 
made  to  slacken  its  speed,  the  balls  fall,  and  the  valve  opens. 
The  rapidifc/of  motion  can  tlieretoio  \ib  coo&asA. -waKai. 


f  <70  TBS  8T«A3I-E.\-GIXS. 


l 

H  th«  limits  dne  to  closiDg  the  tbrottle-valve  and  throwing 
H  it  wide  open.     Further  than  this,  smoothness  of  motioiiii 
H  secured  by  attaching  a  heavy  Sy-wheel  to  the  shaft  of  the 
H  engiae.    A  little  reflection  will  show  that  the  fly-wbsel 
H  also  acts  as  an  accumulator  of  e7tergy. 
I       WO.   The   Siifet>-VjUve.— The   safety-valve  U  a 
f   necessary  purt  of  every   steam-hoiler.     It  consists  of  u 
\alve,  V,  held  down  over  an  opening  in  the  top  of  the 
boiler  by  means  of  a  spring  or  n 
loaded  lever  of  the  R'cond  chiss. 
The  force  with  which  the  valv? 
is  held  down  is  to  be  less  tliaii 
the  strenglh  of  tlie  boiler,  i,  e., 
the  force  must  be  snch  that  the  fig.  319. 

Talve  will  open  before  the  tension 

»r  the  steam  becomes  dangerous.  On  steamboats,  thi! 
weight,  IF,  is  generally  hcled  tn  position  by  a  Government 
offleer. 

641.  NoD'Condensing  Engines.— When  the 
steam  is  forced  out  at  N  (Fig.  31t>),  it  has  to  overcome  an 
atmospheric  pressure  of  15  pounds  to  the  square  inch. 
This  mnst  be  deducted  from  the  total  tension  of  the  at«am 
to  find  the  available  power  of  the  engine.  Snch  an  engine 
is  known  as  a  non-condensing  engine.  It  may  be  recog- 
nized by  the  escape  of  steam  in  puflfe.  It  is  generally  a 
high^pressure  engine.  The  railway  locomotive  is  a  high- 
pressure,  non-condensing  engine. 

(a.)  Only  a  Bmall  part  of  thp  beat  developed  bj  the  cotabturtion  ol 

i  int"  TnecLaalcsl  pnergy  by  the  engiae. 

t  of  it  passes  off  in  ttie  pxlitiust  Bt(^am,  Mill  existiiig  as  lint 

h   is   wasted,  so  tar  w  iscImV  eSeW.  \»  cmicKTOefv,   "tX^iwido 

weta  ttebefttdeUvetedWt\ieeiisiueicAxi»'i'eB.\,wiw«u*.v«. 


doing  the  work  is  called  the  ffficienc]/  of  the  enj^nn.     " 
possible,  even  with  a  gicrfect  eogine,  to  convert  Into  work  more  tliati 
IS  per  cent,  of  the  heat  used." 

643.  Condensing  Engines.— The  eteani  may  be 
conducted  from  the  exhaust  pipe,  N  (Fig.  316),  to  a  chamber 
called  ji  condenser.  Steam  from  the  cylinder  and  a  jet  of 
cold  water  being  adniitted  at  the  same  time,  a  vacuum  is 
formed  and  the  luss  of  energy  due  to  atmospiieric  pressure 
ia  avoided.  Siich  an  engine  is  known  aa  a  condensing,  or 
low-pressure  engine. 

(o.)  Low-preasTire  engines  are  alwaja  condensing  engines.  A  low- 
preBsnre  engine  will  do  more  work  with  ei  gifen  amount  of  fuel 
than  a  high -pressure,  non-condensing  engine  will,  ia  less  liable  ti.i 
explosioa,  and  causes  less  wear  and  tear  to  tbe  machinery.  But  it 
must  he  larger,  more  complicated,  more  oistly  and  less  portable. 

643.  Heat  and  Wox-lt  of  Steam-Engines.— 

More  heat  ia  carried  to  t!ie  cylinder  of  a  ateam-engine  than 
ia  carried  from  it.  The  piston  docs  work  at  every  stroke 
and  thia  work  comes  from  the  heat  that  disappears.  Every 
stroke  of  the  piston  annihilates  heat.  Careful  experiments 
show  that  the  heat  deatroyed  and  the  work  performed  are 
in  strict  agreement  with  Joule's  equivalent.  With  a  given 
supply  of  fuel,  the  engine  will  give  out  less  heat  when  it 
is  made  to  work  hard  than  when  it  runs  without  doing 
much  work. 

Exercises. 

1.  The  mechanical  eqnivalent  of  heat  Is  1,300  fcwt-pounds.  What 
is  it  Id  kilogrammeterH  I 

3.  Find  the  weight  of  wuter  tliat  niny  be  warmed  16"  C.  bj  burn- 
ing 1  ounce  nf  sulphur  in  oxygen.  Ang,  148  ox. 

3.  Wlint  weight  of  water  would  be  Iieated  from  0°  G,  to  1°  C.  by 
the  combnsi loll  iif  one  gram  of  pboaphorunt  Aiii.  H.lil  g. 

4.  One  proin  of  hjdrogen  in  burned  in  oxygen.  To  what  Ij'nipera- 
tttre  would  a  kil<^ram  of  water  at  0°  C.  be  niiaed  by  the  combustion  ? 

5.  Promwhat  height  must  a  block  of  Ice  at  0''C,tii.\\,\.\w&  \.V* ■&»»*. 
tfttted  by  its  oolliajon  with  the  earth  diftJWteyagXtf'Aa^ft'CM^'^'^ 
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6.  From  what  bright  miiEt  it  JitU  that  tli^  hPBt  ^net&ted  maj  h* 
■nffldent  to  vaporize  it !  Am.  996,830  ft.  i 

7.  To  wliat  heiglit  could  a  ton  weight  be  roiaed  by  uUlizing  bU  liie 
he*!  produced  by  barning  5  lb.  of  pure  carbon  ?       Am.  28.078  fl. 

S,  Find  the  lieig'bt  to  whicli  it  could  be  raised  if  the  coal  btd  llie 
followiag  percentage  campoBition  : 

(7^86.43;    S^  =  5.81 ;  0  =  5.97. 

9.  To  what  temperature  would  b  caonon-bsll  weighing  150  Ih, 
and  moving  1.980  feet  per  aec,  warm  S.OOO  lb.  of  water  at  33°  F..  if 
ite  motion  were  Boddenly  converted  into  beat?  Am.  37i'  F. 

10.  (a.)  How  many  pounds  of  water  can  be  evaporated  by  SO  lli. 
of  pure  carboD?  (A.)  If  applied  to  iron,  how  many  pounds  could  be 
heated  from  0°  F.  to  2,000°  F.?     AnM.{a.)  Not  more  than  1303.73111. 

11.  With  what  velodty  must  a  lO-ton  locomotive  more  to  gn 
a  mechanical  energy  equivalent  to  the  heat  neceBsaiy  to  eonvi 
48  pounds  of  ice  at  0°  C.  to  steam  at  100"  C?  Ant.  398  ft, 

12.  An  8-lb.  ball  is  shot  vertically  upward  in  a  va,cuum  will 
Telocity  of  3,000  feet.     How  many  poimds  of  water  may  be  Niied 
from  the  freezing  to  the  boiling  point  by  the  heat  generated  when 
it  strikea  the  earth  on  its  descent  t  Ant,  S.67  Ih, 

13.  (a.)  From  what  height  must  wal^r  fall  in  order  to  raiw  in 
own  temperature  1"  C.  by  the  destruction  of  the  velocity  acquired, 
Buppoung  no  other  body  to  receive  any  of  the  heat  thus  gen^vted? 
(Answer  to  be  given  in  meters.)  ip.)  How  far  must  mercmy  tall  to 
produce  the  same  efTect?    (Speciiic  heat  of  mercury  =  . 

14.  With  a  velijcity  of  hovv  many  e.vi.  per  second  n 
bullet  strike  a  target  that  its  temperature  may  be  raised  100"  C.  V 
the  collision,  suppomug  aU  the  energy  of  the  motion  to  bo  spent  ifl 
heating  the  bullet!   (Speciftcheatof  1ead=.0314i  g=Wieat.    gl2T,l 

15.  A  steam-engine  raises  a  too  weight  380  ft.  Bow  maaj  cilraftf 
are  thus  expended  ? 

10,  A  04-pOQiid  cannon-ball  strikes  a  target  with  a  velodty  (f 
1,400  feet  per  second.  SuppoBin({  all  the  heat  generated  to  be  ^ven 
(u  00  pouuds  of  water,  how  many  centigrade  degrees  would  til? 
temjierutnre  of  the  water  be  raised!  Ana.  28.3. 

17.   A  cannon  liall  weighing  7  £iouiidB  strikes  an  iron  target  with  i 

Mlntity  rjf  1.000  feet  jier  second.     Suppose  the  whole  of  the  motion 

lii  lif  niiiverled  itilo  heat  and  tbeheatunifomily  distributed  through 

^11  I'.hhuIh  of  the  target,  determine  the  change  of  tern | ■era tufe  tlms 

jcm!.     (Specific  best  of  imn  =  .1188.1  A»ti.   17.7"  F. 

The  apeciGc  beat  of  lin  ia  .OitO  and  its  latent  beat  of  foBiOli  to 

,  85,0  Fahrenbelt  degrees,    'F\uil  ^te  laechanicol   equivaloDl  pf  th* 

I  of  heat  needed  W  \ic».\,  ft  pooa&ft  ol  -tmlTOaJ.^^  "8  .Wfig 


REVIEW. 


Recapitulation. — la  this  section  we  have  conBidered 
the  definition  of  Thermodynamics  ;  the  Corre- 
lation of  Heat  and  Mechanical  Energy; 
heat  frcm  Percussion  ;  from  Friction  ;  First 
I_aw  of  thermodynamics;  Joule's  Equivalent 
and  its  Use;  Chemical  Affinity  and  the  Heal- 
ing Powers  of  various  aubstancea ;  the  Single  and 
Double-acting  Steam-engines;  the  Eccen- 
tric, Governor  and  Safety-valve  ;  Condens- 
ing and  Non-condensing  Engines;  the  relation 


Review  Questions  asd  Exercises. 


I,  Lead  lueltH  at 
Iht  as  would  wan 
inbere  will  replac 


At 


In  nieltmg  it  absorbs  about  as  mach 
mea  il.a  weight  ot  wat^r  1 '  C.  What 
BDd  a,cl7  when  the  Fahreuheit  scalers 


ion       I 


3.  What  is  the  differeDce  between  the  temperatoreB— lO'C.  am] 
-40'  F.  i: 

8.  A  quantity  of  gaa  at  100°  C.  ajid  tinder  a  pressure  of  750  mm,  of 
mercurj  measurea  4500  m.  em.  What  wilj  be  its  volume  at  200'  G 
Bud  under  a  pressure  of  76  em.  of  mercury  1     Ana.  5,631  eii.  cm. 

4.  Over  how  high  a  ridge  can  you  carry  water  in  a  aiphon.  where 
the  minimum  range  of  the  barometer  is  37  inches  ?    Explain. 

6.  (a.)  What  is  Specific  Gravity  1  (6.)  How  do  you  find  that  of  solids 
heavier  than  water?    ((.)  What  principle  is  Involved  in  your  method  ! 

6.  ('I.)  Of  what  physical  force  is  lightning  a  WBuifeatation  ?  (6.) 
OlTe  Bouie  plain  dircctiaDB  far  the  construction  of  liglitning-rodB. 
with  reasons  for  your  directions. 

7.  Give  the  fundamental  principle  of  mechanics,  and  Illustrate  Its 
•pplication  liy  one  of  the  mechanical  powerfl. 

8.  (a.)  Wliat  are  tlieesscntial  propertieeof  matler?  (6.)  What  is  a 
pendulum  ;  (r.)  tu  wliat  use  is  it  prindpaily  appliud,  and  {d.)  what 
an-  the  lawn  by  wliicli  it  is  governed? 

9.  (d.)  In  what  ways  may  two  ransical  tones  differ?  (6.)  WIiKt  le 
the  physical  cause  of  the  diffe'-^iice  in  each  case  ? 

10.  (a.)  Convert -3°  F.  and  77"  P.  into  C.  readings;  (%.)  18" C. 
^  S0°  C.  to  F  readily 


11.  (a.)  To  whftt  temperature  should  a  liter  of  oiygen  at  0'  C.  ba 
raieed  in  order  to  double  its  volume,  the  pressure  reiaainiiig  con- 

■^^Btaut?    (6.)  Give  reasons  tor  your  answer.     Aim.  373°  C. 

^^L     IS.  (a,)  What  ia  meant  by  the  boiliug  point  of  a  liquid  f    (b.)  Btate 

^^■JBome  ciraiimstances  that  cause  it  to  vary. 

^^B     13.  A  kilogram  each  of  water,  inin  and  antimony,  at  0°  C.  are 

^^■'beated  ten  miDu1«s  by  the  eaine  source  of  heat,  and  aro  then  [onad 

^^V  to  be  1'  C.p  9°  C.  and  20'  C.  respectively.    Bequired  the  specific  heat 

^^B  of  each. 

^^P  14.  (a.)  Define  latent  heat,  (fi.)  Describe  a  method  of  detennining 
the  latent  heat  of  water,    (e.)  Describe  the  cixiling  and  freezing  of 

15.  (u.)  If  3  kilograms  of  water  shottld  be  suddenly  stopped  after 
falling  313  metres,  hotv  much  heat  would  be  generated?  (b.) 
Describe  the  essential  parts  of  a  steam-en^ne. 

16,  (a.)  How  many  cubic  feet  of  water  will  be  displaced  by  a  boat 
weighing  two  tons  f  (6.)  Hon  many  of  salt  water  of  sp,  gr.  1,08! 
(e.)  How  does  a  noise  differ  from  a  musical  sound? 

117.  The  sp.  gr.  of  alcohol  is  .S ;  that  of  mercury  13.6.  When  > 
mercury  barometer  indicates  a  preaanre  of  30  inches,  what  will  be 
tb^  height  of  an  alcohol  barometer  column  V  Ata.  510  in. 
18.  (n.)  DuBcribe  the  ordinary  force-pump;  (6.)  explain  the  useol 
Hb  essential  parts. 
19.  (a.)  Give  the  formulaa  for  changing  thermometric  readinga 
from  F.  to  C,  and  nice  term.  (6.)  Explain  the  graduation  of  two 
kinds  of  thermometers,     (c.)  Define  increment  of  velocJtj'. 

SO.  (n.)  What  is  distUtation,  and  npon  what  fact  does  the  process 
depend!  (A.)  What  is  latent  heat?  {c.)  Illustrate  the coDvrinoii 
of  senMble  into  latent  heat,  (d.)  On  what  does  the  pitch  of  sound 
depend  t 

31.  (a.)  DeSne  boiling  and  boiling  point,     (b.)  What  is  the  rate  of 
expansion  for  gases  t    (c.  I  Will  water  boil  at  a  lower  temperature 
J  the  top  of  a  mountain  7    Why  1    (d.)  WhBl 
s  the  timbre  of  a  sound  !    (e.)  Give  the  formulas  far  the 
'  wheel  and  axle. 

!.  (a.)  If  the  pressure  rem^n  the  same,  how  much  will  548ni,(3B. 
(  hydrogen  expand  when  heated  from  0°  C.  to  10°  G.  t  (i.)  How 
h  work  may  be  performed  by  a  ball  weighing  64.33  lb.,  moving 
I  a  velocity  of  00  It.  per  second?  (c)  Wiieo  has  water  the 
lest  density?  Am.  {a.)  80  ni.  cm,     \,b.)  3W)  foot-(K(iuidB. 

I,  Show  that  to  raise  the  W'miHTatun'  of  a  piiiind  of  iron  from 
o  100°  0.  reqoirea  more  energy  than  lio  raise  eeveu  t^na  of  Iron 


mtoot  L^h, 


LIGHT. 


THE    NATURE.    VELOCITY    AND    INTENSITY 
OF    LIGHT. 

644.  What  is  Light? — Light  is  that  mode  of 
motion  whi'Ch  is  capable  of  affecting  the  optic 
nerve.  The  only  physical  difference  beticeen  light 
and  radiant  heat  is  one  of  wave  length. 

(a.)  We  have  seen  that  the  vilirations  of  air  partlclea  in  a  sound 
Rare  are  to  and  fro  in  the  line  of  propagation.  In  the  case  of 
rodiajlt  heat  itnd  light,  the  ether  particles  vibrate  ^a  and  fro  across 
the  line  of  propagation  Vibrationa  in  a  aonod  ware  are  Umgittidi- 
nai;  those  of  a  heat  or  light  nave  are  tranaeertal. 

i64o.  Liuuinous  and  Non-Iiunilnous  BodleH. 

idies  that  emit  light  of  their  own  generating,  iis  Llie 
Ban  or  a  eaiidle,  are  called  himinous.  Bodies  tliiit  merely 
diffuse  the  light  that  they  receive  from  other  bodies  are 
said  to  be  non-luminous  or  illuminntod.  Trees  and  plants 
are  non-luminous. 

[fl.)  Visible  bodies  may  be  Inminons  or  ninnunated,  hut  in  eithei 
case  the;  send  light  in  every  direction  from  every  point  in  theii 
anrfaces.  In  Fig,  320  tve  see  represented  a  fevr  of  the  infinite 
nnmber  of  lines  of  light  startii^  fiom  A,  B  ki^&  (l,'i!ii3«ft  ^  "Con 


■infliiite  nomber  of  points  In  the  surface  of  a,  visliie  object,    ff  tht 

mi?iflniie  niiiiiber  of  Una  icere  draisn  front  cieh  of  the  infinite  nvmlKr 
f  (jf  points,  there  would  be  no  vacant  spaces  in 

the  ligTire  ;   the  rttjs  really  intersect  at  evary 

point  from  which  the  object  ia  visible. 


I 


646.  Transparent,    Translu- 
ceut  and  Opaque  Bodies. — Bodies 

are  transparent,  translucent  or  opaquo 
according  to  tlie  degree  of  freedom  which 
they  afford  to  the  passage  of  tiie  luminiferoua  wares, 
Transparent  bodiea  allow  objects  to  bo  seen  distinctly 
through  them,  e.  g.,  air,  giass  and  water.  Translucent 
bodies  transmit  light,  but  do  not  allow  bodies  to  be  seen 
distinctly  through  them,  e.i/.,  ground  glass  and  oiled  paper. 
Opaque  bodies  cut  off  the  light  entirely  and  prevent 
objects  from  being  seen  through  them  at  all.  The  light 
is  either  reflected  or  absorbed.  So  mnch  of  the  radiant 
energy  as  is  neither  reflected  nor  transmitted  is  changed 
to  absorbed  heat. 

647.  liuminouB  Raya. — A  single  lino  of  light  ii 
Called  a  ray.  The  ray  of  light  is  perpendicular  to  the 
wave  of  ether.  The  ray  may,  without  considerable  error, 
be  deemed  the  path  of  the  wave. 

648.  liiiniinoiiH  Beams  and  Pencils. — A  col- 
lection of  parallel  rays  constitutes  a  beam ;  a  cone  of  rgj* 
constitutes  a  pencil.  The  pencil  may  be  oonvergUig  ot 
diverging.    If  abeam  or  pencil  should  dwindle  in  tluok- 

s  to  a  line,  it  would  beeonie  a  ray. 

649.  Rectilinear  Motion  of  Light. — A  medium 

f  bomogeneouB  when  it  has  an  uniform  compoeitioti  ss^ 
sitj.    In  a  h/Oni-o^BTieouia  Tvwiil\.w,Tiv,\\,^|Jife 


TRE  NATURE  OF  LIOBT. 


In  straight  lines.    This  is  a  fflct  of  incalculable  scien- 
tific and  otherwise  practical  importance. 

(o.)  The  familiflT  eiperiment  of  "taking  eight"  depeniis  upon 
this  fact,  for  we  mv  o\i\vi:\b  by  the  liglit  whicli  tlipy  semi  tn  the  eyi: 
We  cannot  see  aniuod  u  corner  or  th«m(f!i  a  I'nioked  tube.  A  bonin 
of  light  that  enlcra  u  ilarkeni-d  room  by  a  small  uiicrture,  maj'ks  nn 
Uiumiiialed  course  that  is  perfectly  atrnight. 

(6.)  This  fact  may  be  iliuatrated  by  providing  two  or  three  per- 
forated  screens  and  arranging  tliem  aa  shown  in  Pig  33!,  so  that 
the  Lolea  and  a  candle  flame  ahull   be  in  the  sume  straight  line. 


Wlen  the  eye  is  placed  in  this  line  liehind  the  screens,  light  pHBBeE 
from  the  flame  lo  the  eye ;  the  flaine  is  visible.  A  Blight  dlsplace- 
inent  upward,  do\mward  or  sidewSae  of  the  eye.  the  Same  or  any 
BCieen,  cats  off  the  light  and  renders  the  flnme  invisible. 

(<•-)  Prepare  a  piece  of  wood,  H  x  2}  x  18  inches,  taking  car«  that 
the  edges  are  aquare.  Saw  it  into  six  pieces,  each  three  inches  long. 
Prepare  three  pieces  of  wood,  3  x  4  '  |  inches.  Place  three  postal 
cards  one  over  the  nth^r  on  a  board,  and  pierce  them  with  a  fine 
awl  or  stout  needle,  )  inch  from  the  end  and  IJ  inch  from  either 
side  of  the  card.  With  a  shar))  knife  pare  off  the  rough  edges  of 
~  e  holes,  and  piws  the  needle  throoEh  cai:h  hole  to  make  the  edges 
oth  and  even.  Over  the  \  :■  3  inch  siiif^ice  of  one  of  the  blocks 
w  the  onperforated  end  of  one  of  Uie.  yosAaV  i^^%,  mA,  <wti  '(>cca 
«  of  t&e  S  X  4  lacb  pieces,  BolWil^fai\a>«ei  e&f^'£a:^'w 


Ten.  Tack  them  in  tliiB  poeitiou.  Mftko  thtu  twc  mi 
TBens.  The  three  ectetuB,  with  u  bit  of  candle  three  ii 
IftU--d  upon  one  of  tliu  remaining  btocks.  furnishea  lb 
ir  the  exp«riiuent  above.    Save  the  au'eeiis  and  three  b 


(SwF 


IB.) 


650.  Inverted  Images.— If  light  from  &  h 

nmiiiated  body  be  admitted  to  a  darkened  roiim  tlirongh 

h  small  Iiole  iii  the  filmtter  and  there  received  ujion  a  wliiLn 

screen,  it  will  form  an  inverted  image  of  the  object  upon 


tJie  screen.    Every  Tieible  point  of  the  tUiiminate 

.sends  a  ray  of  light  to  the  screen.     Each  my  b 
color  of  the  ]>oiiit  which  sends  it  and  imiita  the  O 
the  screen.    As  the  rays  are  straight  lines,  thf^q 
•the  aperture:   hence,  the  inversion  of  the  im 
image  will  be  distorted  unless  tiie  screen  be  perp 
.to  the  rays.     The  darkened  room  constitnt^  it  ( 
abgaira.    The  image  of  the  school  playground  at  recess  is 
Tery  interesting  and  easily  produced. 

(n.l  Place  n  lighted  coniUe  about  a,  melPT  from  a  wlilti-  scram  to 
darkened  rooTu,  (The  wall  of  the  room  will  nnawer  fur  the  scrwn.) 
B  turge  piO'hole  in  a  paril  anil  hold  it  l>etw«en  the  Same  ud 
rei'o.     An  inverted  Iniaga  of  ilif  flamr  will  bp  found  upnn  ih« 

Bore  ttn  inch  lioU  in  one  Aia  at  »  ■» 


THB  NATURE   OF  I.IQHT. 


Openiog  with  tin-foil  and  prick  tlte  tin-foil  n-ith  a  needle.     Place  h 

litriited  candle  within  the  box  ;  close  the  boi  with  a  Mil  or  a  elianJ 
und  hold  a  piiper  screen  before  the  hole  in  the  tin-fnil.  Move  the 
Bcreen  Ijackvrard  und  forward  and  notice  that  in  any  position  the 
size  of  the  object  is  to  the  sise  of  tlie  image  as  the  distancfl  from 
the  apefliire  to  the  object  ie  to  the  distance  from  tUe  aperture  to  the 

(<;.)  Cover  one  end  of  a  tube,  10  or  12  em.  long,  with  tin-foil ;  the 
c)iiipr  end  with  oiled  paper.  Prick  a  pin-hole  in  the  tin-foil  and  turn 
it  toward  d  raindte  flume.  The  inverted  image  may  be  seen  upon 
the  oiled  pnper.  The  elzc  of  the  image  will  depend  upon  Che  die- 
Udcu  of  the  flame!  from  the  aperture.  The  apparatus  rudelj  repre- 
senlB  the  eye,  the  pin-hole  corrrejionding  to  (he  pupil  and  the  oiled 
inper  lo  the  retina.  (Almost  any  liouBeltee|>er  will  give  you  au 
eitiptf  tin  COD.  Place  it  upon  a  hot  Btove  just  long  enough  to  roell 
off  one  end.  thrust  a  stout  nail  through  the  centre  of  the  other 
r  the  nail-hole  with  tin-foil,  and  you  will  have  the  greater 


uf  tbe  apparatus.) 

^651.    Shaclnws. — Since   raya   of  light  are  straiglit, 
bodies  cast  ahadowa.    A  sfiadotv  is  the  dark- 


raya  of  light  are  ntt  off.  It  is  Bometimes  called  the 
perfect  shadow  or  tlie  umbm.  If  the  source  of  light  be  a 
point,  the  shudow  will  bo  well  defined ;  if  it  te  a  surface, 
tbe  =hadoiv  will  ha  siimjiinded  by  au  im])errect  shadow 


I'behiud  an  opaque  bodj  from  which  some  of  the  n 
I.  rays  from  a  part  of  the  luminous  surface)  are  cut  a 

((I.)  Hold  a  lead  pencil  Iwtween  the  Qiuiio  of  a 
ind  n  Bboet  of  pa[]tT  lii-l'l  ubijut  two  feci  [Al  em.) 
1,)  WLen  the*  edf/e  of  ilip  flnme  is  toward  tbn  pendl;  { 
I  the  aide  of  tlie  Haine  iu  tiiwnrd  the  pcndl. 


653.  Visual  Angle.— Tfie  angle  indt 
Ktu'een  ttvo  rays  of  light  coming  from  thi 
'^Ues  of  an.  object  to  the  centre  of  the  eye  M  eaUed 
Wthe  visual  angle.  This  angle  meHsnres  the  appareDl 
Ijength  of  the  liue  that  subtends  it.  Any  cauau  th^ 
1  jncreaseB  the  visual  angle  of  an  object  increases  Us  app>^ 
I  pent  sine.    Henise  the  effect  of  niagnifying-glaBsefi.     Ffon 


ig.  ;W4  we  Bee  that  equal   lines  may  subtend  different 
[  visual  iiDgles,  or  that  different  lines  miiy  atililend  tfac  b&dii- 
ingle. 

653.  Velocity  of  Light. — Light  traversea  tJie  tl0m 
\  with  a  velocity  of  uhoiit  18G,0Oi)  mlleg  or  abuut  398  suJ- 
llion  meters  per  second.  This  was  first  determine  tlioUl 
1 300  years  ago  by  Roemer.  a  Bautsh  aatvoriomer. 

III.)  At  equal  Intorvals  u(  421i.  S8m.  36a, .  tbe  nstuest  q 
I  Wtetlites  passes  within  Itia  sliudon'  and  is  thus  ucllpMd. 

n  would  be  si^en  from  tlie  earth  at  etjunl  interrill 
ntveled  inBlantBBeouslj  from  planet  to   planet. 
ipliHt  when  the  eiirtli  waa  fartheal  from  Jupiter  the  ei 
jj  tnin.  iiO  sec.  IntRT  tVwin  vihen  fti»  t^Ti.Vi  ■whb  hi 
fcplterftnd  the  eartb  wo  »»«««■  ewiVvsNtfa,-^ 


ftffi  natOSe  Of  LieJrr. 


SKme  Bide  of  the  Gnn  and  in  n  stralglit  line  with  the 
Ofta),  and   farthest   from   each   other  when  they  are  on  oppodta 
s  of  the  sao  and  in  a  etrailtht  Hue  with  that  luminary  (nppoei- 
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don).  Hence,  Eoemer  argued  that  it  requires  1(1  min.  36  sec.  for 
light  to  paas  over  the  diameter  of  the  earth's  orbit,  from  Eto  E'. 
This  distance  being  approximately  known,  the  velocity  of  light  ia 
eaaliy  computed, 

(b. )  The  TeJoctty  of  light  has  been  measured  b}'  other  means, 
giving  reaultfi  that  agree  substantially  with  the  result  aboTe  given. 
When  astronomers  accurately  determine  the  mean  distance  of  the 
eartli  from  the  sun,  the  velocity  of  light  will  be  accurately  known. 

(c.)  It  would  require  more  than  17  years  for  a  cannon-baU  to  pasi 
over  the  distance  between  the  Bun  and  the  earth ;  light  makes  the 
journey  in  8  miu.  18  sec.  For  the  swiftest  bird  to  pass  around  the 
earth  would  require  three  weeks  of  continual  flight ;  light  goes  h 
far  in  less  than  one  seventh  of  u  second.  For  terrestrial  distanoq 
ihe  passage  of  light  is  practically  instantaneous  |g  487). 


tiS-L  Effect  of  Distance  npoii  Intensity.— 

Thti  intensity  of  U£ht  received  by  an  Uhominated 
body  varies  inversely  as  the  square  of  its  distance 
from  the  source  of  light. 

(O-)  Let  a  candle  at  ^  be  the  source  of  light ;  A.  a 
aquare  and  a  yard  from  8 ;  B,  a  screen  two  feet  square  two  yards  " 
tiwa  8;  0,  a  screen  three  feet  square  tUruu  yards  from  S. 
irlU  easily  be  seen  that  A  will  cut  off  all  the  light  from  B  and  0. 
It  BOW  A  be  retooved,  the  quantity  of  light  which  it  received,  no 
'more  and  no  less,  will  tall  upon  B.  If  now  B  be  removed,  the 
iquUltlty  of  light  which  previously  illuminated  A  and  .fi  will  fall 
apoa  G.     We  thus  see  the  ^ame  □umbt<i  of  tOi^^  sak^^kr^'^  \!&^ 
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TUB  NATURE  OF  LieST.   ' 

nlnatlng.  one.  fonr  and  Dine  aqnore  feet.    One  square  (ootat  AvO 
. receive  oDe-fourth,  ud  ooa 

wjaare  foot  ut  C*  will  retwrt 

one  squurn  Tout  bC  A.  Tlw 
liglil  being  dlSused  ww  * 
greater  surf  an*  ts  mrns 
I>oiiiliiigIy  diimnished  io  in- 
Ifjiisity. 

(d.l  Tlie  experiment  mBj 

be  tried  by  plndngOiBljirgB 

ticreeQ  at  A  and  tnidngtlie 

outline  of  llio  shudow  with 

B  pencil,  then  plndllg  tlie 

Fic   326.  BcreenBUCCes^relfBtfnid 

C,  tracing  the  sliadow  "■'•'' 

time.     The  experiment  will  be  more  Batiafactor;  i(  a, 

ecraen  be  placed  at  8     (See  Fimt  Prm.  Nai.  Phil..  ^  428.) 

Exercises. 

1.  A  coin  ia  held  5  feet  from  a  wall  and  parallel  to  it.  A  luml 
noDB  point,  15  tn<^heB  from  the  coin,  throws  n  eliadow  of  it  npon  tht 
wall.    How  does  the  size  of  the  shadow  compare  with  that  of  the  coin ' 

3.  ((i,)What  is  the  velocity  of  light?   (S.)  How  was  it  determined  I 

3.  {(I.)  How  are  the  intenaitiea  of  two  lighta  compared  f  (fi.)  Do- 
fine  light,    {c.)  Give  joni  idea  of  the  carrier  of  radiant  heat  and  light 

4.  (1.)  Define  luminous,  transparent,  opaqtie,  beam  Mkd  p 
(6.)  How  could  you  show  that  light  ordinarily  moves  in  at: 
lines  T    («.)  Explain  the  formation  of  lnTerl«d  lmag«s  In  a  duk 

5.  A  "standard"  candle  (burning  ISO  gnuaeof  Rpenajxr  lui«r)lBl 
feet  from  a  wall,  a  lamp  is  6  feet  from  the  wall.  They  cast  eba^owiirf 
equal  intensity  on  the  wall.    What  is  the  "candle  power"  of  the  lamp! 


T 
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Recapitulation. — In  this  section  we  haio  conBidend 

the  Nature  of  Light;  Luminous,  Illuminated, 
Transparent,  Translucent  and  Opaque  bodies: 
Rays,  Beams  and  Pencils  of  light;  that  Lighl 
Moves  in  Straight  Lines;  Inverted  Ij 
and  Shado'ws ;  the  Visual  Angle;  tlia 
Ity  aud  Intens\\.7  C)^\\^^.. 


TUS  lYATURE    OF  LIGBl. 


ECTtON  11. 


REFLECTION    OF    LIGHT, 


aTiJff,— The  heliortat,  or  porte-lumiere,  la  composed  of  oue  oi 
more  mlrrOTE,  by  nieuua  of  wliich  a  beam  of  light  may  be  tbiowa 
in  nny  deaiied  direftioii.  The  insirument  may  be  had  o(  apparatus 
mnuiifatturerB  at  prices  ranging  from  $13  upward.  Wrections  for 
making  one  may  he  found  in  Mayer  &  Barnard's  little  book  on 
"  IJght,"  published  by  D,  Appleton  &  Co.  It  is  very  deslTBble  thai 
tlia  inatrament  be  seeured  in  some  way. 


^0001 


655.    Reflection. — If  a  guDbeam  enter  a  darkened 
hole  ill  t.he  shutter,  as  at  A,  and  fall  upon  a 


polished  plane  surface,  as  at  B,  it  will  be  continued  in  a 
different  direction,  as  toward  0.  AB  is  called  the  incident 
beam  and  DC  tlio  reflected  beam  (§  97).  The  incident 
and  the  reflected  beams  are  in  the  same  medium,  the  air. 
A  change  in  the  direction  of  Ughh  zvitJiout  a  chaihge 
in  its  metlium.  is  called  reflection  of  light. 

65fi.  Laws  of  Reflection.— The  reftM,tAQo.<i?\\itU 
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s  in  accordanee  with 


rom  polished  surfaces  ii 
|lawa: 

(1.)  Tfie  angle  of  incidence  is  equal  t 
of  reflection. 

(2.)  The  incident  and  rejected  rays  are  ho^^ 
I  the    same    pLanc,   which   is    perpendicular 
I  reflecting  surface. 

(a.)  Fill  A  basin  to  the  brim  with  mercnrjr  or  with  water  blae 
nitli  a  little  Ink.     In  tliis   liquid   sUKpend  hy  u  Ibreail  a  BmiH 
weight  of  greater  spetlflc  graTily  than  the  liquid  naed  (f  """       "" 
plumb-line  will  be  perpendicular  to  the  liquid  n  ' 
plomb-line  hang  from  the  middle  of  a  boiiiioDtal  c 


1  the  f  o^^^l 


Pig.  328. 

f  stick.  Plaxje  the  tip  of  a  candle  flume  opposite  one  of  the  divlslani 
of  the  Btick,  and  place  the  eye  in  such  a  position  thai  the  imag«  at 
the  top  of  the  flame  will  be  seen  in  the  direction  of  the  foot  of 
the  plnmh-line.  Mark  the  point  where  the  line  of  viidon  {Le.,  the 
reflected  rays)  crosaea  the  meter-Btick.  It  will  be  found  that  thii 
point  and  the  tip  of  the  flame  are  eqtxallj  dlMimt  from  the  mlddla 
of  the  stick.  From  this  it  followa  {Olni^»  Gromttry,  Art.  34S| 
that  the  angles  of  incidence  and  of  reflection  are  equal. 

(6 )  Fig-.  328  repreaents  a  vertical  Benddrcle  grwlnnted  to  degrees, 
with  a  background  of  black  velvet.      A  mirror   at  the  centre  ii 
furnished  with  an  Indei  set  perpendicular  to  its  plane ;  both  mimr 
1  index  can  be  tamed  in  any  direction  desired.    A  ntf  of  l^U 
m  any  brilliant  source  is  allowed  io  enter  the  tabe  at  thalMW. 
'  a  direction  of  the  centre.     By  means  of  a  little  iimoke  fram 
n  paper,  the  paths  of  the  inci4eut  and  leAected  raya  are  euHy 
a  larire  c1a£>& 
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(«,)  P1m«  two  of  the  screens  and  the  three  extra  blocki  t 
tiODPd  in  ^  (t4»  in  poaitioD,  as  shown  in  Fig.  .tSO.  At  the  middle 
of  the  middle  block  place  a  bit  of  window  glass,  pointed  on  the 
under  side  with  block  vamiEh.  On  the  blocks  that  eaxij  the  screens 
place  bits  of  glaae,  n  and  o,  ol  the  same  thic:lutees  as  the  black  loir- 
ror  on  the  middle  block.  Place  a  candle  tiame  near  the  hole  in  one 
of  the  screens,  as  shown  in  the  figure.  Light  from  tUo  candle  will 
pass  through  A,  be  reflected  at  »n,  and  pass  through  B.  Place  the 
eye  in  such  a  position  that  the  spot  of  tight  in  the  minor  may 
be  seen  through  B.  Mark  the  exact  spot  in  the  mirror  with  a 
needle  held  in  place  by  a  bit  of  was.  Place  a  piece  of  stiff  writing 
paper  upright  upon  m  and  11,  mark  the  position  of  B  and  of  m, 
and  draw  on  the  paper  a  straight  line  joining  these  two  points. 
The  angle  between  this  line  and  thu  lower  edge  of  the  paper 
Cfoncides  with  the  angle  Bmn.    Bevei^e  the  paper,  placing  it  ajn 


IH  kdA  o.  It  will  be  found  that  the  same  angle  coincides  with 
Amo.  Amo  and  Bmt  being  thus  equal  the  angle  of  inradenm 
equals  tht)  angle  of  reflection 

657.     Diflfiised    Lig'ht. — Light    falling    upon    aa 

opaque  body  i3  gcncmllv  dnided  into  three  purts     the 

first,  is  regukrl\  icflectecl  111  obedience  to  the  Uwb  above; 

the  second  la  irregiilarlj  reflected  or  difliised ,  tlie  third  Is 

absorbed.     The  irregular  reflection  la  due  to  the  fact  that 

^^^ifi  bodies  are  not  perfectly  smooth,  but  present  little  pro- 

^^■iKraDces  that  scatter  the  light  in  all  directions,  aud  thus 

^^Htder  them  visible  from  any  position.    Light  regularly 

^^^Hficted  gives  an  image  of  the  body  from  which  it  came 

^^■ore  reflectJon ;  light  ure^laily  Te&ec^  ^-^ob  «s^\KAf&.<et 


I 


of  the  body  that  didiiseg  it  A  perfect  mirror  would  be 
invieible.  Luminous  bodies  are  visible  on  account 
of  the  light  t}uit  they  emit;  nonf-tuminoua  bodies 
are  visible  on  aecou7ii  of  the  light  that  tJiey  dif- 
fuse. 

(a.)  If  a  beam  of  light  fall  apon  a  sheet  of  drawing  paper,  il 
will  be  Bcattored  and  illuminate  a  room.  If  it  fall  apon  a  mirror, 
nearly  all  of  it  will  bo  reilecteil  in  a  definite  direction,  and  inteDsaly 
illnminate  a.  part  of  tlira  roam..  Place  side  bj  side  upon  a  board 
a  piece  of  black  cloth  (not  gloftsj),  a  piece  of  drawing  paper  and  a 
piece  of  looking-glass.  In  a  darkened  room,  allow  a  beam  of  sun- 
ligLt  to  fall  npon  the  cloth  and  notice  the  alisorptjon.  Let  it  f»11 
Upon  the  paper,  and  notice  the  di&naion  of  the  light  and  its  eflettB. 
Let  it  fall  Qpon  the  looking-glass,  and  notice  the  regular  reflectian 
end  its  eflects.  Move  the  b<Hkrd  so  that  the  cloth,  paper  and  glas 
Bball  pafia  through  the  beam  in  quick  succession,  and  notice  the 
effects. 

(6.)  In  the  darkened  room  place  a  tumbler  of  water  upon  a  tahlK. 
with  a  hand-mirmr  reflect  a  Bunbeain  down  into  the  water ;  the 
tumbler  will  be  viuble.  Stir  a  teaspoonful  of  milk  into  the  watet, 
and  agsjn  reflect  the  sunbeam  into  the  liquid  ;  the  whole  room  will 
be  illuminated  bj  tlie  diffused  light,  the  tumbler  of  milkf  vntH 
acting  like  a  luminous  bodj. 

658.  Invisibility  of  Light.— -ffi«i^so/"& 

do  not  enter  the  eye  are  InvisiM-e.  A  i 
entering  a  darkened  room  ia  visible  because  tbl^ 
dnat  reflects  some  of  the  r.*ys  to  the  eye.  If  the  li 
particles  of  dust  were  absent  the  beam  wonld  be  ill 


(i.)  Take  any  oonrenient  bos,  about  Wem.  (2:ft.)  o 
I  provide  for  it  a  glass  front,  and,  at  each  end.  a  giaaa  n 

1.  (4  inches)  square.    Place  it  on  a  table  in  a  darken 

tod,  with  the  helioBtat,  send  a  solar  beam  tfarongh  the  V    

inding  before  the  glass  front   of  the  box,   thix   beam  tokj  V 

1  from  the  hellostnt  to  the  Iwx,  through  the  box  and  bejond 

Open  the  bos,  smear  the  inner  surfaces  of  its  top,  back  ■ 

1  with  glycerine,  and  close  the  twx  air-tight.      Allow  H  U 

Q  quiet  a  few  days  ■,  l\iB  Aiiftt,  in  the  boi  will  he  esnglit  by 

[•glycerine  and  the  confinB4B.\i^\«B\TBPA.^t«wa'^«*4ias*« 
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of  reflecting  light.    Then  Bend  another  BoUr  benm  from  the  belio 
Stat   through  the  two  wiodowB  of  the  box.      Standing  oa  before, 
the  beam  muy  be  traced  to  the  boa  and  beyond  it,  but  ' 
box  all  is  darkness. 

G59.   Apparent  Directioii  of  Bodies,— E' 

point  of  a  visible  object  sends  a  cone  of  rays  to  the 
The  pupil  of  the  eye  ia  the  base  of  the  cone.  The  point 
always  appears  at  the  place  where  these  rays  seem 
to  intersect  ((".  e,,  at  the  real  or  apparent  apex  of  the  cone). 
If  the  rays  pass  in  straight  lines  from  the  point  to  the  eye, 
the  appareot  position  of  the  point  is  ite  real  position.  If 
these  rays  hn  bent  by  reflection,  or  in  any  other  manner, 
the  point  laill  appear  to  l?e  in  the  direction  of 
the  rays  as  they  enter  the  eye.  No  matter  ho] 
devions  the  jiath  of  the  rays  in  coming  from  the  point 
the  eye,  this  important  rule  holds  good. 

G60.  Plane  MiiTor.s;  Virtual  Images.— If  ac 

object  be  placed  before  a  mirror,  an  image  of  it  appears 
I  behind  the  mirror.  In- 
asmuch as  the  rays  of 
the  cons  mentioned  in 
g  059  do  not  actually  con- 
verge hack  of  the  mirror, 
there  can  he  no  real  image 
there.  As  there  really  is 
no  image  behind  the  mir- 
ror, we  call  it  a  virinnl 
inmge.  All  viftual  images 
are  optical  ilhisioua,  and 
are  to  be  clearly  distinguished  from  the  real  images  to  be 
studied  soon.  Each  point  of  tJi-is  image  will  seem 
to  be  a^  far  behind  thp  mirror  oa  t>v&  Ciorr^u\i<)n^ 


ac  ' 
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I  in^  point  of  the  object  ia  in  front  of  the 
Hence,  imftges  seen  in  still,  clear  water  are  invert 

{a.)  In  Mg.  330,  t«t  A  represent  a  luminous  pumt ;  MM,  a  mitro 
AA'  and  BO,  limes  perpendicular  1«  the  mirror.  Bays  from.l 
Ihe  eye  at  BD'.  The  angle  ABC  =  the  angle  CBIf  (§  8561.  The 
itnele  ABO  =  the  angle  BAA'  (Olney'g  Geometry,  &iL  150).  ThefB- 
fore  the  angle  (7£1)  =  the  angle  £AJ'.  The  angle  6'fi2(  =  the  angle 
BA'A  (.Olnty,  153).  Therefore  thu  angle  BAA'  =  the  angle  ^J  .4. 
Hence,-13f— vl'Jf  (tWiiey.  387),  In  other  words,  J  is  as  farhehinil 
the  mirror  as  A  le  in  front  of  it. 

(6.)  Place  a  Jar  of  water  10  or  15  am.  back  of  a  pane  of  glass  p1«wd 
upright  on  a  tiihlf^  in  a  dark  room.  Hold  a  lighted  candle  at  tils 
same  distance  in  front  of  the  grlass.  The  jar  will  be  seen  \>j  light 
transmitted  through  the  glass.  An  image  of  the  candle  iv3I  bn 
farmed  hj  light  reflected  by  the  glass.  The  image  of  the  candle 
wU'.  be  seen  in  the  jar,  giving  the  appearance  of  a  candle  horning 
in  water.  The  same  effect  may  be  produced  in  the  evening  by  partlj 
nJsing  a  window  and  holding  the  jar  on  the  outside  and  the  canifla 


ti61.  Reflection  of  Rays  from  Plane  Mir- 
rors.— If  the  incident  raya  be  parallel,  the  reflected  ruya 
will  be  parallel.  If  tbe  incident  rays  be  diverging,  tlie 
reflected  raya  will  be  diverging ;  they  will  eeem  to  diverge 
from  a  point  aa  far  behind  the  reflecting  surface  as  their 
source  is  in  front  of  that  aurfaee  (See  Fig.  330).  If  thP 
incident  rays  be  converging,  tbe  reflected  rays  will  bo  con> 
verging ;  they  will  converge  at  a  point  as  far  in  front  of 
the  mirror  aa  the  point  at  which  thoy  were  tending  to 
converge  is  behind  the  min-or. 

663.  Constmctfon  for  the  Itnag:e  of  a 
I  Plane  Mirror. — The  (xjsition  of  the  image  of  an  object 
^may  be  detemiined  by  loouting  the  images  of  si-veral  weli* 
phoBen  points  in  the  object  and  connecting  these  images. 

I   (■«,)  In  Fig:.  i!31,  let  AB  repteseQ^.  B-ii  B-rro™  -,  My,  tho  reflectiog 
'    9  of  a  plane  miinn,  Mii  EJ  l-Vi  «s'     ■  ■■•      •  — 
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A.^ravi  All  perpendionki  to  JfJV and  make  ad  equal  to  ^d.     Then 

Bf  will  a  indicata  the  positmn  of  the  image 

of  A.     Frcrtn  B.  draw  Bb  ptTpendictUar 

to  MN  and  make  fir  eqaal  to  Br.    Then 

:^a    will  i  indicate  liie  poeition  of  llie  image 

of  B.    By  connecting  n  and  fi  we  locate 

the  imagu  of  AB.     Draw  aE,   bE,   Au 

»nd  Bi.     AoB  represenla  one  ray  of  the 

oone  of  rays  from  A  that  pntera  the  eye ; 

BiE  repreBODts  one  ray  of  a  aimiiai'  cone 

Flc.  111.  from   B.     Draw  a  Birailar  figTire  on  a 

larger  acaJe,  repreflBnting  the  eye  at  C. 

Test  your  Rgure  by  Hieing  if  the  angle  of  incidence  is  equal  [a  tlie 

angle  of  reflection.     In  nil  such  constni(:tionB.  represent  the  directina 

of  the  rays  by  arrow-heads,  sb  shown  in  Fig,  331. 

663.  Multiple  Images. — By  placing  two  mirrore 
being  ettch  other,  we  may  produce  multiple  images  of 
an  object  placed  between  tliem.  EO'Ch  image  acts 
ir^  a.  material  object  luith  respect  to  the  other 
mirror,  in-  which  we  see  an  image  of  the  flj'st 
image.  When  the  mirrora  are  placed  so  as  to  form  irn 
angle  with"  each  other,  the  number  of  images  becomes 
limited,  being  one  less  than  the  number  of  times  that  the 
included  angle  is  contained  in  four 
right  angles.  The  mirrors  will  give 
three  images  when  placed  at  an  angle 
ot  90°;  five  at  W ;  seven  iit  45°. 

(n-l  When  the  mii-rors  are  placed  at  right 
uigleH  the  nbjwt  and  the  tiirpp  images  wilJ 
he  at  the  comers  of  a  rectangle  as  shown  at  " 


J,  1 


Fig.  333. 


664.     Concave    Mirrors.  —  A  spherical    concave 
mirror  ma/  be  considered  as  a  small  part  of  a  apherica! 

shell  with  its  inner  surtax  highly  polished.     Let  itfjV"  (Fig. 
333^  represent  the  section  of  such  a  ooncave  s^eivoi^. ■oia.- 
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ror,  and  (7  the  centre  of  the  corresponding  sphere.  Pis  called 
the  centre  of  curvature ;  A  is  the  centre  of  the  mirror,  A 
Btraight  line  of  indefinite  length  drawn  from  A  through 
C,s&  A  CX,  is  called  the  principal  axis  of  the  mirror.  A 
straight  line  drawn  from  any  other  point  of  the  mirror 
through  Cy  as 
JCfl,  is  called  a 
secondary  axis. 
The  point  F, 
midway  between 
A  and  C,  is 
called  the  prin- 
cipal focus.  The  distance  AF 
mirror ;  the  focal  distance 


Fig,  333. 


I 


^H  mi 


the  focal  distance  of  the 
therefore,  one-half  the  r«dini 
of  ciirvatnre.  The  angle  MON  is  called  the  spertora  (ll 
the  mirror. 

{a)  A  curved  surface  jas.j  be  conBidered  as  joaAb  up  of  an  in&dtr 
number  of  Bmitl!  plane  Hurf acea.  Thus,  a  raj  of  light  reflected  friHB 
any  point  on  a  curved  mirror  may  be  considered  as  reflected  fram . 
plane  tangent  to  tbe  curved  surface  at  ihe  point  of  reflection.  Thii 
reSectloQ  then  takes  place  in  Dccordance  with  the  principles  lud 
down  in  g  656.  It  should  he  borne  in  mind  that  the  radii  drami 
from  0  to  points  in  the  mirror  as  I  and  J  are  perpendicular 
mirror  at  these  points.  Thus,  the  angles  of  incidence  and  refiectioa 
for  any  ray  itay  be  easily  detonnined. 

665.  Eflfect  of  Concave  Mirrors.— 1%,6  tevr 
dency  of  a  concave  mirror  is  to  increase  the  eotir 
vergence  or  to  decrease  the  divergenee  of  ineideni 
rays. 

(a.)  If  the  divergence  be  that  of  rays  lasidng  from  the  prindptl 
focuG,  the  mirror  will  exactly  overcome  it  and  reflect  them  iflpw 
alld  rava.  If  the  dlvergenc'e  be  gteuter  than  this,  vi/...  that  of  bji 
issuing  from  a  point  neoreT  t'UeTn\TTiiTVWiv*.Keijrincip«l  focoa.lb 
mirror  cannot  TvhoUy  overcomfi  \,>mj  SwCT^eiirR.Voa,  V»,i 
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The  reflected  rays  will  etUI  diverge,  but  not  ho  rapidly  as  tho  incident 
rays.  If  the  divergence  be  less  than  that  first  mentioned,  viz.,  that 
of  rays  issning  from  a  point  further  from  the  mirror  than  the  prin- 
cipal focus,  the  divergence  will  be  changed  to  convergence  and  a 
Teal  focus  will  be  formed. 

tti66.  The  Principal  Focus. — The  focus  of  &  con- 
re  mirror  is  the  point  toward  which  the  reflected  rays 
nrepge.  All  incident  rays  parallel  to  the  t>rincipal  axis 
jl,  after  reflection,  converge  at  the  principal  foeas.  The 
incipaZ  focus  is  the  focus  of  rays  parallel  to  the 
^ncipal  axis.  The  raya  will  he  practically  parallel 
when  their  sonrce  is  at  a  very  great  distance,  e.  g.,  the  sun'a 
rays.  Soiar  rays  coming  to  the  hnman  eye  do  not  diverge 
a  thousandth  of  an  inch  in  a  thousand  miles. 

(a.)  Above  we  stated  that  parallel  raya  would  be  made  to  converge 
at  the  principal  focus  of  a  spherical  concave  mirror.  This  is  only 
approximately  true ;  it  is  strictly  true  In  the  case  of  a  puraholio 
mirror.  In  onftr  that  the  difference  between  the  spherical  and  the 
parabolic  mirror  niay  be  reduced  lo  a  minimum,  the  aperture  of  a 
spherical  mirror  must  be  email.  The  case  is  somewhat  analogous 
to  the  coincidence  of  a  cizcular  arc  of  small  amplitude  with  the 
cjcloidal  curve  (g  144,  ").  A  source  of  light  placed  at  the  focus  of 
■  pMabolic  mirror  will  have  its  rays  rejected  in  trulj  parallel  lines. 
The  head  lights  of  railway  locomotiyes  are  thus  constructed,  Para- 
bt)lic  mirrors  would  be  more  common  i(  it  were  not  so  difficult  to 
make  them  accurately. 

667.  Conjugate  Foci.— Raya  diverging  from  a 
luminoiiH  point  in  front  of  a  concave  spherical  mirror  and 
at  a  distance  I'rom  the  mirrcr  greater  than  itfl  focal  distance, 
will  converge,  after  reflection,  at  another  point.  The  focus 
thus  formed  will  be  in  a  line  drawn  through  the  luminous 
point  and  the  centre  of  curvature.  In  other  words,  if  the 
luminous  point  lie  in  thr  principal  axis,  the  focus  will  also ; 
if  the  Inminoua  point  lie  in  any  secondary  axis,  the  focus 
wilj  lie  in  the  same  secondary  axis.    'E\ie  acisftivaa^w^a.  \»- 
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HblreeD  principal  and  socondary  ases  is  almost  wholl;  om 
^Bf  convenience.  Rajs  diverging  from  B  will  form  a  focus 
^Kt  b.    The  angle  of  incidence  being  necessarily  equal  to  the 


I 


Fig.  334, 
angle  of  reflection,  it  is  evident  tbat  raja  diverging  from  I, 
would  form  a  focus  at  B.  On  accoimt  of  tliis  relation 
between  two  such  points,  tbey  are  called  coDjugate  foci. 
Therefore,  conjugate  foci  are  two  poin-ta  so  reltited 
I  thai  each  forms  the  image  of  the  other, 

I     «08.   Construction  for  Conjugate  Foci. — ^In  tlie  case 

'   nf  concave  mlirorH,  to  locate  the  coajqgite  focns  of  ct  Inmiuoiu 

point,  it  is  necessary  to  find  the  point  nt  which  at  least  two  reBeo[«i 

taya  really  or  apparently  iiiter8f>c;t.     The  method  may  he  Ulnstratcd 

M  tolloT 


8  (Fig,  335)  represent  the  luminous  point  whow  eon 
[8  la  to  be  located.  It  ma^  v,\  miy  not  lie  ia  the  priodpt' 
(T  tha  ftxlB  lor  tlie  v^v^  H.  v.e-.  s."to«  Vtonv  B  -a 
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tte  centre  of  currature,  lo  the  mirror.     This  line  repMeenta  one  ol 

the  infinite  number  of  rava  sent  from  ti  to  the  mirror.     As  thia 

incident  ray  is  perpendicuJar  to  the  mirror,  the  reflected  ray  wil] 

coindde  with  it.     (Angles  of  incidence  and  of  reflection  =  0.)    The 

conjugate  focus  most  therefore  lie  in  a  line  drawn  through  S  and  V. 

Draw  a  line  representing  some  other  ray,  as  Bi.     From  i,  the  point 

DM,  draw  the  dotted   perpendicular  iC.     Construct  the 

I  Mgle  Oil  equal  to  the  angle  dS.     Then  will  U  represent  the  direc. 

)  tion  of  the  reflected  ray.    Tlie  focus  must  also  lie  in  this  line.     The 

I  loterBecttOD  of  tliis  line  with  the  line  drawn  through  80  marks  the 

position  of  s,  the  conjugate  focus  of  S. 

2.)  If  the  reflected  ntys  be  parallel,  of  conrae  no  focns  can  be 
formed.  !f  they  be  divergent,  produce  them  back  of  the  mirror  as 
dotted  lines  |Fig.  338)  until  they  intersect.  In  this  rase  the  focu.« 
will  be  virtual,  because  the  rays  only  seem  to  meet.  In  the  other 
IS  the  focus  was  real,  tiecause  the  rays  actually  did  n: 


(8.)  Wltli  a  radius  of  4  em.,  describe  ten  arcs  of  small  aperture  to 

represent   the   Bectinns  of  apherical   concave  mirrors.      Mark  the 

centres  of  curvature  and  principal  foci,  and  draw  the  principal 

Find  the  conjugate  foci  for  points  in  the  principal  axis 

jHowb  :    (1.)  At  a  distance  of  1  cm.  from  the  mirror, 

I  (3)   Two  cm,  from  the  mirror.     (3.)  Three  cm.  from  the  mirror. 

Vji)    Four  em.  from   the  mirror.     (5.)    Sii  nn.   from  the  mirror. 

nKa^e  fire  similar  constructionH  for  points  not  in  the  prlnmpal  aiia 

^otice  that  each  effect  is  in  oonBeqaemie  of  the  equality  between 

«  angle  of  incldcni-'e  and  tliu  angle  of  rfflection. 

I  669.  Formation  of  Iiwsiges. — Ctmtiasft 
)  rise  to  two  kinds  of  imagea,  teaV  ani  VmWmSu 
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learning  what  has  been  said  conoeming  conjugate,  rca!  and 

Tirtau)  foci,  the  formation  of  these  images  will  be  easily 
understood.     The  image  of  an  object  ia  determined  bj 
the  images  of  a  number  of  points  in  the  object, 


((70.   Construction  for   l{«al    Inii^es  Formed  Uy 

Concave  Mirrors.— (1.)  The  method  ma;  be  illaBtrated  as 
[  follows  :  Let  AB  represent  an  object  in  front  of  a  concaTe  mirror, 
a.  distance  greater  than  the  radius  of  curvftture.  Draw  At,  the 
I  Becondary  asis  for  the  point  .1.  The  conjugate  focua  of  A  will  lie 
I  in  this  line  (§  C69  [I]).  From  the  infinite  number  of  tays  sent 
I  from  A  to  the  mirror,  select,  as  the  second,  the  one  Chat  u 
I  parallel  to  the  principal  axis.  This  raj,  after  reflection  ai  i,  will 
I  pasB  through  the  priiicipa!  focus  (§  6fl0t,  "Vhv  reflected  rays.iPuid 
I.  mA  (secondary  nsis  fur  A\,  will  intersect  at  ii,   which  is  the  con- 
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Jugate  focus  for  A  in  similar  manner,  6,  the  conjugate  focus  fot 
C,  maj-  bo  found.  Points  between  A  and  B  will  have  their  cob- 
jugate  fool  between  ii  and  6. 
(3.)  If  the  eye  of  the  observer  he  placed  far  enongh  bade  of  Ii* 
Lhnage  thus  formed  for  all  of  tlie  image  to  lie  between  the  eye  ud 
«  mirror,  it  will  receive  the  same  impresaion  from  the  ntflecMd 
a  If  the  image  were  a  real  object.  All  of  the  raya  tiara  M7 
Khit  in  the  objwt,  as  A .  that  fall  U|ion  the  mirror,  interaect  ttXa 
t  ".  the  conjufralj-  focoa.  Tlinso  reflected  roya,  a(t« 
eofing  at  a,  tonn  a  AivergPTA  Tjeticil.  A.  cone  of  tbeae  Mrs 
Bp4JTergiiig  from  a  enteta  &«  ejft.   T^ikj  vit>;^sE>gi^| 


tKaa  A,  but  a*  theg  mier  ihe  ege,  tiw^  ^re^e  fnmi  a.    Hencn  Ihe 
effect  produced  1§  fi59). 

(3.)  From  the  Bimllar  trianglea,  ABO  and  ahC,  ii 
the  linear  dimBneions  of  the  object  and  of  i1 
proportional  to  their  distances  from  the  cent 
may  also  he  proved  that  the  length  of  the  object  is  to  the  length  of 
the  image  as  the  distance  of  the  object  from  the  principal  focus  is 
to  the  focal  distance  of  the  mirror. 

(4.)  Since  the  lines  that  join  corrteponding  points  of  object  unci 
t  the  centre  of  curvature,  tlie  real  images  formed  li> 
ilwiiTS  inverted. 


Pruiiection  of  Real  Iiuii^t".  I»y  Con- 
eave  Mirrors. — The  real  image  formed  by  a  coucave 
mirror  may  be  rendered  visible  even  when  the  eye  of  tlie 
observer  ia  not  in  the  position  mentioned  in  the  last  article, 
by  projecting  it  upou  a  screen.  In  a  darkened  room,  let  a 
candle  flame  be  pUiced  in  front  of  a  concave  mirror,  at  a 
lance  from  it  greater  than  the  focal  distance.  Incline 
p  mirror  so  that  the  flame  shall  not  be  on  the  principal 
,  JPJaee  s  paper  screen  at  the  con'jugp.'os,  Vac\a  vS. 


cipal 
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^M  point  in  the  himinous  object    The  proper  position  Tor  the 

^p    screen  may  eaaily  be  foond  by  triaL    Shield  the  gcreen  from 

the  direct  rays  of  the  flame  by  u  card  painted  black.    The 

inverted  image  may  be  seen  by  a  large  claas.     If  the  image 

fall  between  (he  mirror  and  the  candle,  the  screen  y^^l 

^L  be  quilie  smalt.     (See  First  Principles,  Fig.  30d.)    ^^^H 

m  673.  Description  of  Real  Ima^s  FtH^H^ 
by  Concave  Mirrors.— (1.)  If  the  object  be  at  iM  ' 
principal  focus  there  will  be  no  image.     Why  ?     (You  CBn 

^find  out  by  trying  a  construction  for  the  im^e  (§  670). 
(3.)  If  the  object  be  between  the  principal  fbcue  and  the 
centre  of  curvature,  the  imuige  will  be  beyond  the  centre, 
inverted  and  enlarged.    The  nearer  the  object  ts  to  the  prin- 
cipal focus,  tlie  larger  and  the  further  removed  tlio  imii^ 
will  be,     (3.)  WhcD  the  object  is  at  the  centre,  tlie  Imugv 
is  inverted,  of  the  same  size  as  the  object  and  at  Uie  same 
distance  from  the  mirror.     (4.)   When  tho  object  is  not 
very  far  beyond  the  centre  of  curvature,  the  iinage  mil 
he   inverted,  smaller  thau   the  object,   and  betvceu  the 
centre  and  the  principal  focus,     (5.)  Wlien  the  object  is 
_     at  a  very  great  distance,  all  of  the  rays  will  be  practJcally 
■    parallel ;  tliere  will  be  but  cue  focus,  and  consequently  no 
K  imago. 

^H  (a.)  For  each  of  tlieae  Bve  casRS  roostrurt  the  imafrsB.  TUa  tUnI 
^B  cttse  may  be  prettily  illustrated  as  follows :  In  front  of  the  tnlrror. 
^H  at  a  distance  equal  to  the  radius  of  curvature,  place  »  boE  that  k 
^^^  open  on  the  side  toward  the  niirror.  Within  this  box  haog  in 
^^^unverted  bouqaet  of  bright-colored  Sowers.  The  eye  of  the  obserm 
^^Hh  to  be  in  the  podtion  mentioned  In  §  6T0  (3).  By  giving' the  mirral' 
^^^H  certain  inclination,  easily  determined  by  trial,  aa  image  of  the 
^^^■iviuble  i>ouqDet  will  be  seen  just  above  the  box.  A  glasa  VMe 
^^Hb-  be  placed  upon  tlie^K)XBc>ftvA\^Ti>tL']KQiii  to  hold  the  imaged 
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673.  Construction  I'ur  Virtual  Imnt;es  formed  hy 
Coucave  Mirrors.— Let  AB  represent  an  objocl  in  front  of  a 
concave  mirror  at  a  diatajice  from  it  I^hs  than  the  foc^l  diatance. 
Dmw  the  secondary  axes  Tor  the  points  A  and  S,  and  produce  them 
back  of  the  mirror  ae  dotted  lines.  From  .4  and  B,  draw  the  ind.- 
dant  rays  A'l  and  Bi,  parallel  to  the  principal  axis.  After  reflection 
they  will  pass  through  the  principal  focus  tg  666).  Produce  these 
ra;s  back  ot  the  mirror  ae  dotted  lines  until  the;  intersect  tba 
proloogationa  of  the  eucondnry  asen  at  a  and  b,  which  will  be  the 
virtual  conjugato  foci  tor  J  and  B.  The  conjugate  foci  for  other 
points  in  AB  will  be  between  a  and  6.  Therefore,  if  the  object  be 
between  the  principal  focns  and  the  minor,  the  image  will  be 
virtual,  erect  and  enlarged. 


674.  Images  of  the  Observer  foriiiert  by  a 
Concave  Mirror.— A  person  at  a  oonsiderable  distance 
before  &  concave  mirror,  acca  his  image,  real,  inverted  and 
smaller  than  the  object  As  he  approaches  the  centre  of 
carvature,  the  image  increases  in  size.  As  the  observer 
moves  from  the  centre  to  the  principal  focus,  the  imago  ia 
formed  back  of  him  and  is,  therefore,  invisible  to  him.  As 
he  movea  from  the  principal  focus  towanl  the  mirror,  the 
image  becomes  virtual,  erect  and  magnified,  but  gradually 
growing:  smaihr.  The  eye  will  not  aVwa^a  ttTOgi^aJt  tesili 
Upti^m  as  being  in   front  of  the  initroi.    \t  Toaq  etminr 
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timea  he  aided  in  this  respect  by  extending  the  onl 
fingers  between  the  image  and  the  mirror. 

676.  Convex  Mirrors. —  In  convex  mirrors,  the 

foci  are  all  virtaal;  the  images  are  virtual,  erect  and 
smaller  than  their  objecta.  The  foci  may  be  found  and 
the  images  determined  by  the  means  already  set  forth. 
Tlie  construction  is  made  sufficiently  plain  by  Fig.  340, 


340. 


JTote,— In  eonatractionB  fot  carved  nurrorH,  we  liava  eboeaB  two 

particalar  rajs  for  each  focus  sought  ;  one  perpendicnlar  to  llie 
iniiTor,  the  other  puruilel  to  the  piiucipul  axis.  Tliia  was  ati]f  lor 
the  sake  of  convenience.  Any  two  nr  more  incident  ray« 
have  been  taken  and  the  direotion  of  the  reflectL-d  rays  r 
by  making  the  angle  of  refle>ctioii  equal  to  the  angle  of  lucldeDe& 

EXER0I8E8. 

1.  What  must  be  the  angle  of  incidence  thftt  the  angle  between 
j^he  incident  and  the  reflected  rays  shall  be  a  right  angle  ? 
3.  The  radius  of  a  concave  mirror  is  18  Inchea.     Determinetlw 
Lconjugate  focus  for  u  point  on  the  principal  axle.  13  inoliea  ttao. 
^tbe  mirror. 

'  3.  (li.)  IllQHtwte  liy  n  diagraui  Ibe  lmagn  of  an  object  plni^  at  tli» 
Incipal  focus  nf  a  concave  mirror;  [b.)  of  one  tiL<u^ed  btrtweeu 
tat  foctis  and  the  mirrot -,  ^e.~n>l  aaB^'WvA^^'KQeii  the  Jociie  and 
V  (.egtr?  ^  lite  lURW- 


4.  (a.)  What  Wod  of  mirror  always  makes  the  image  Binalier  thaii 
thp  object?  (6.)  Wliat  kind  nt  a  mirror  may  make  it  larger  ot 
Bmaller,  and  according  to  what  circumstancea  ? 

5-  Rays  parallel  lo  the  principal  aiis  fall  upon  a  convex  mirror 
Draw  a  diagram  to  show  the  course  of  the  refli.*cted  rays. 

6.  (o.)  Why  do  images  formed  by  a  body  of  water,  appear  In- 
verted? (6.)  What  is  the  general  effect  of  concave  mirrors  upon 
incident  rays ! 

7.  A  person,  plawd  at  a  considerable  distance"  before  a  concave 
mirror,  sees  his  image,  (a.)  How  does  it  appear  to  him )  Be  ap 
proaches  the  mirror  and  the  image  chunges.  Ifi.)  Describe  the 
cbanges  that  take  place  until  he  sees  a  virtual  image  of  himself. 

8.  A  man  stands  before  an  upright  plane  mirror  and  notices  that 
he  cannot  see  a  complete  image  of  himself,  (a.)  Could  he  site  a 
complete  image  by  going  nearer  the  mirror!  Why!  (5.)  By  going 
further  from  it  J    Why) 

9.  When  the  sun  is  30"  above  the  horizon,  its  image  !s  seen  in  a 
tranquO  pool.     What  is  the  angle  of  reflection? 

10.  A  person  stands  before  a  common  looking-glass  with  the  left 
eye  shut.  He  covers  the  image  of  the  closed  eye  with  a  wafer  on 
the  glaas.  Bfaow  that  when,  without  changing  his  position,  lie 
opens  the  left  and  doses  the  right  eye,  the  wafer  wUl  still  cover  the 
image  of  the  closed  eye. 

11.  The  distance  of  an  object  from  a  convex  mirror  is  equal  to  the 
radius  of  curvatnre.  Show  that  the  length  of  the  image  will  be 
one-third  that  of  the  object. 


Recapitulation. — In  this  eeetion  we  have  considered 
the  Nature  and  Laws  of  Reflection;  Dif- 
fused and  Invisible  light;  the  Apparent  Direc- 
tion of  bodies;  Images  formed  in  Plane  Mirrors 
and  their  Construction ;  Concave  Mirrors, 
their  Effects,  Principal  and  Conjugate  Foci; 
Images  formed  by  them  with  their  Construction, 
Projection  and  Description;  foci  and  images  for 
Convex  Mirrors. 
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676.  Preparatory. — So  far,  we  have  considcped  onlj 
l-that  part  of  the  incident  beam  tliat  ia  tarned  back  from 
'  tte  reflecting  surface.  As  a  general  thing,  a  part  of  Ibe 
beam  enters  the  reflecting  substanee,  being  rapidly  absorlwd 
when  the  substance  is  opaquo  and  frcelv  transmitted  wliea 
t  the  substance  la  traiisiwrenfc.  We  have  now  to  i 
I  Ihost!  raya  that  enter  a  trausparent  Bnbstance. 

I        (a.)  Procure  a  clear  glass  bottle  with  Out  sides,  nbont 

HO  cm.  1  broad.    On  one  si 

lar  hole  has  been  cut.  On 

this  clear  circular  space, 

draw  two   ink-marks  at 

right    angles     to     each 

other,  as  shown  in  Fig. 

Ml.    Fill  tho  bottle  with 

clear   water   np   to    the 

level  of  the  horizontBl 

ink-mark.      Hold    it   bo 

that    a  horiiontal    sun. 

beam,  from  the  heliostat 

inBy   pass   through    tlic 

dear  sides  of  the  bottle 

I  above  the  water,  and  nn- 

t  tice  that  the  beam  passts    i 

Kftirough  the  bottle  in  a 

might  line.     Raise  the 

)  that  the  beiiiii 

1   pass  through   llif 

r,and  notice  that  tlii> 

I    still    straijrlil,  ''''   -'-'' 

■  a  card,  cut  a  slit  about 

I.  long  and  1  "i"i-  wide.     Place  the  card  against  the  bottle  m 
fcwB  ia  the  fiRUie-    B^Wt  fll«  ^>e«av  Xtooa^  V\a>s  tUt  ao  Ui«m 


shall  f&li  npon  the  Boiiaxe  of  tlie  water  nl  i,  the  interaeetioii  of  the 
iwo  Ink-nittrkH.  Notice  that  the  rpflpctpd  lipam  1h  etraight  un'il  it 
reaches  the  water,  but  thut  it  is  liimt  hh  it  nbliquely  enters  the 


677.  Refi'a45tiou. — Refraction  of  light  is  the 
bending  of  a  luminous  ray  when,  it  passes  from 
one  medium  to  another. 

G78.  Index  of  Refraction.— If  a  ray  of  light  from 
y.  (Kg.  343)  full  upon  the  Burface  of  watei  at  A,  it  will  be 
refracted  aa  shown  in  the  figure.  The  angle  LAB  is  the 
angle  of  incidence  and  KAO  the.  angle  of  refraction,  BC 
being  pei'pendicuhir  to  the  water's  surface.  From  ^  as  a 
centre,  with  a  radius  equal  to  unity, 
describe  a  circle.  Prom  the  points  m 
and  p,  where  this  circle  cuts  the  inci- 
dent imd  refracted  niya,  draw  mn  and 
pq  perpendicular  to  BC.  Then  will 
//(whe  the  sine  of  the  angle  of  incidence  , 
I  and ^5'  the  sine  of  the  angle  of  refrac- 
tion. 77^6  quotient  arising  from 
dividing  the  sine  of  the  angle  of 
iKcidenee  by  the  sine  of  the  angle  of  refrnetion  is 
Bailed  tlte  index  of  refraction  for  the  two  niedi^. 
It  18  evident  that  the  greater  the  refractite  power  of  the 
imbstance,  the  less  the  value  of  tlie  divisor  pq,  and  the 
greater  the  value  of  the  quotient,  the  index  of  refrac- 
tion. 


Fig.  342. 


(o.)  The  following  table  gives  the  indiees  of  ri 
puBe«  from  a  vacnum  into  any  of  the  Hubstanee 


1.57.1 


Air... 1.000304  I  Fiint  giaa 

Water 1.838  Carbon  bisulphide 1.878 

Alcohol 1.374  l>iaraona 8.439 

frown  <lll»,j„...;..  l.SM  I  Lead  chKnwAo ^SfVw 


^^r  REFBACTtON   OF  LI0BT. 

The  index  of  refraction  for  any  two  media  may  be  found  liy  dlriJ 
jng  the  absolute  index  of  one,  as  ^ven  above,  bj  Ibe  abaolnte  indei 
«(  the  otlier. 

679.    Laws    of   Uef'ractiou    of   liiglit.  — (1) 

W%en  light  passes  perpett-dieiiiarly  front  one  nie~ 
diu-Tn  to  another  it  is  not  refracted. 

(2.)  WTien  light  passes  (Miquely  from  a  rarer  U> 
■a  denser  medium  it  is  refracted  toward  a  line  drawn, at 
the  point  of  incidence,  perpendicular  to  the  refnctiug 
surface,  or,  more  briefly,  it  is  refracted  toward  Hie 
■perpendicul-ar. 

.)  When  light  passes  obliquely  from  a  denser 
to  a  rarer  medium,,  it  is  refracted  from  the  per- 
pendicular. 

(4.)  The  incident  and  refracted  rays  are  i 
plane  which  is  perpendicular  to  the  refracting  aiirfM 

(5.)  The  index  of  refraction  is  constant  for  the  bi 
media. 

GSO.  Illustrations  of  Refraction.— Put  a  small  oidii  Intt 

$,  tin  cup  and  place  the 
cap  so  that  ite  edge  j  UBt 
intercepts  " 
the  CQtn.  A  ray  of  light 
coining  from  the  coin 
toward  the  observer 
must  pass  above  his  eye 
I   knd    thus    be    lost   to 


ihe  per- 


lally    poured    into 

'  viaible.      The 
i  bent  down  us 
I   they  emerge    from   the 
^^aterand  some  of  them 
r  the  eye.     For  the 


t  the 


other  stlcit  half  immerBed  In  wat4tr  » 
water's  aaitat*.  wUUe  A^ero  »kA  \*»4i.  wUoae  bi 


K 


BEFRACTIOlf  OF  LIGBT. 


are  visible  are  generally''  deeper  tlian  they  Beem  to  be.  (V\g,  343.) 
As  air  nipands,  its  indei  of  rettnction  becomes  leas.  Hence  the 
indislinctnesa  aud  apparent  unsteudinesa  of  olijecta  seen  through 
B.ir  risindt  from  thp  surface  of  a  hot  atove.  Light  is  refracted  us  it 
enters  tlie  earth's  ntinoHphdre.  Henci^  Ihe  heavenly  bodips  appear 
to  be  furtlier  above  llie  lioriwm  tlian  thoy  reBllj  are  except  when 
they  are  overhea/1. 


681.    Totiil    Reflection.  — When  a  ray  of  light 
i  from  a  rarer  into  a  denaer  medium,  it  may  always 
approach  the  perpendicular  so  as  to  make  the  angle  of  re- 
fraction leas  than  the  angle  of  incidence  (§  679  [2]).     But 
when  a  niy  of  light  attempts  to  pass  from  a  denser  into  a 

B  rarer  medium  there  are  eonditionn 

under  which  the  angle  of  reiraction 
cannot  be  greater  than  the  angle  ol 
!  incidence.     Under  such  cireutn- 
—^^^^g^^^^^  stances  the  ray  cannot  emerge 
Fig.  344  from   the  denser  medium,  but 

will  be  wholly  reflected  at  the 
nt  of  ineidofl-ce.  Fig.  344  represents  luminous  raya 
emitted  from  A,  under  water,  and  seeking  a  passage  into 
air.  Passing  from  the  perpendicular,  the  angle  of  refrac- 
tion increases  more  I'apidly  than  the  angle  of  incidence 
Dntil  one  ray  is  found  that  emerges  and  grazes  the  surface 
of  the  water.  Rays  beyond  i 
^ttJ8  cannot  emerge  at  all. 


1: 


183.  The  Critical  Aii- 

Imagine  a  sphwical 
(Florence)  flask  half  tilled 
with  water.  A  ray  of  light 
from  L  will  be  refracted  at  .-1 
in  the  direction  of  B.  If  the 
ol  tnddence,   CAL,  be 


I 
I 


n&PRACTIoJf  OP  tiWBT. 

Y  gradually  increased  the  angle  of  refractioii  will  be  graduull) 
ifreaaed  until  it  bocomea  SO",  when  the  raj  will  graze  tiie 
surface  of  the  water  AM.  If  tlie  source  of  light  be  still 
further  removed  from  G,as  to  ?,  the  my  will  be  reflected 
to  r  (g  656),  For  all  media  there  is  au  incident  angle  ol 
this  kind,  called  the  critical  or  limiting  angle,  bcyi>iid 
■which  total  internal  reflection  will  take  the  place  of  refrac- 
tion. The  rcfiection  is  called  total  hecause  all  of  tli« 
incident  light  is  reOeeted,  which  is  never  the  caee  in 
ordinary  reflection.  Hence,  a  aurfiice  at  which  total  re- 
fiectioo  takes  place  constituten  the  most  perfect  mirror 
possible.  The  critical  angle  (with  reference  to  air)  is 
48°  35'  for  water;  40°  49'  for  glass;  23"  43'  for  diamond. 

(o.)  From  this  It  follows,  as  may  be  seen  by  rafening  to  Pig--  84t 
that  tc  au  eye  placed  under  water,  all  visible  objects  above  the 
water  would  appear  within  an  angle  of  07^  10',  or  twice  the  critical 
Qjigle  for  water. 

(b.)  The  phenomena  of  total  reflection  mai^  be  produced  by  plftdng 
the  bottle  ahown  in  Fig.  341  upon  several  books  resting  upon  a  IsbU 
and  inverting  the  card  bo  that  a  beam  of  light  reflected  obllqaelj 
upward  from  a  mimir  on  the  table  may  enter  throug-h  the  slit  neat 
the  bottom  of  the  bottle,  talcing  a  direction  throagfa  the  water  sLmi- 
lar  to  the  line  lA  of  Fig.  346.  When  one  looks  into  an  aquarinm  in 
K  direction  similar  to  rA,  images  of  fish  or  turtles  near  the  surface 
of  the  water  are  often  seen. 

(c.)  Place  a  strip  of  printed   paper  in  a  teet-tnbe ;   hold  It  ob- 
liquely in  a  tumbler  of  water  and  look  downward  at  the  printing 
wbicli  will  be  plainly  visible.     Change  the  tube  gradually  to  a 
ical  position,  and  soon  the  part  of  the  tul>e  in  the  water  takes  a 
silvered  oppcAranc^  and  the  printing  becomee  inviaible.     Show  that, 
the   disappearance   (  ' 

iding  is  <Iue  to   total   rellection.      By 

dlaeolving  a  small  bit  of  potussiuin  di- 

in   the   water,   the    tube    will 

m  s  golden   instead  of   a  silver-Uko 

\^d.)  Fig,  340  represents  u  gluas  vet 
Ctly  filled   with   wa>.er.      l^tora 


■  OF  LIQBT. 


In  this  way  a.  ray  moj  be  reflected  at 

ir  witli  an  opening,  trcmi  n 

head  (S  254  [a\)  kept  constant. 
Tlirough  a  leas  placed  npposite 
tliis  orifice,  a  concentrated  beam 
of  light  from  the  heliostat  la 
thrown  into  the  Btrawa  of  water 
as  h  issues.  Internal  reflection 
keeps  moat  of  it  there,  a  priHoner. 
The  etream  ot  water  is  full  of 
light  and  appears  a  stream  of 
melted  matftl.  Thrust  a  finger 
into  the  stream  and  notice  the 
effect.  Place  a  piece  of  red  glass 
between  the  heliostat  and  the 
lens ;  the  water  looks  like  blood, 
t  the  finger  into  the  stream  again.  Repeat  the  experiment 
h  pieces  of  glass  of  other  colors  in  place  of  the  red. 


Fig.  347. 


683.  Re&action  Explained.— To  nuderstand  the 
Ky  in  which  a  ray  of  light  is  refracted,  let  us  consider  its 
3  throngh  a  glass  prism,  ABC.  It  must  he  undf 
i  that  the  velocity  of  light  is 
floss  than  in  air,  and 
fft  the  direction  in  ivhich 

J  moves  is  perpendicular  to 

t  loave  front.     A  wave  in  the 

r  approaelies  the  anrface  of  the 

^Ri  AB.     When  nt  a,  the  lower  end  of  the  wave  front 

t  Btrikee  the  glass  and  enters  it.     The  progrc&g  of  this 

•nd  of  the  WBTe  firont,  being  Blower  than  that  of  tlie  other 

which  ifl  still  in  the  air,  ia  continually  retarded  until  the 

whole  front  has  entered  the  glasa.     The  wave  front  thne 

lomes  the  position  shown  at  c     But  the  path  of  the 

)  being  perpendicular  to  the  fiant  of  tlw  waie,  tUU 


Fig.  343, 
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f  ebasge  of  front  caitses  a  change  in  the  direction  offl 

I  which  is  thus  re/rac/ed  toward  a  perpendicular.  TaT 
now  moves  forwurd  in  a  straight  line  until  the  top  of  ft* 
wave  front  atrikea  AC,  the  aurfice  of  the  prism,  as  fihoira 
».  The  upper  end  of  the  wave  front  emerging  first 
into  the  air  gains  upon  the  other  end  of  the  front  which  ia 
Btill  moving  more  slowly  in  the  glass.  When  the  lower 
end  emerges  from  the  glass,  the  wave  hoe  the  position 
shown  at  ».  Tliis  second  change  of  front  involves  another 
change  in  the  direction  of  the  ray  which  is  now  refracted 
from  the  perpendicular.     (See  First  Principlex,  §  443,  a.f 

684.  Three  Kinds  of  Refractors.— When  a.  raj 

uf  light  passes  through  a  refracting  mediam,  three  coses 
'  may  arise : 

(1.)  When  the  refractor  is  bounded  by  planes,  the  ro- 
fracting  surfaces  being  parallel. 

(2.)  When  the  reiyactor  ia  bouuded  by  planes,  the  re- 
firaeting  surfaces  being  not  parallel.    The  refractor  ij 
called  a  prism. 

(3.)  When  the  refractor  is  hounded  by  two  snri 
which   at   least    one   ia 
curved.     The  refractor 
ia  then  called  a  lens. 


685.    Parallel 
Plates, — When   a  ray 

ases   through    a   me- 

n  bounded  by  paral- 

ilanea  the  refractiona  '     ^' 

i  the  two  aurfacea  are  ei|ual  and  contrary  iti  direction. 
9  direction  of  t\ie  taj  aJftftt  ^aasoa^'CQvsii.'^  ^i^  ^l4tt.it 


repracttok  of  ligbt. 

^Biallel  to  ite  direotioii  before  enteriiig;   the  ray  mwely 
suffers  to/eraZ- aberration.    Objects  seen  obliquely  through 
Buoh  plates  appear  sligh  tly  displaced  from  their  true  position. 
v  686.  Prisms. — A  prism  produces  two  simultaueous 
Biffects  upou  light  passing  through  it;  a  change  of  direc- 
tion and  decomposition.     The  eecoud  of  these  effects  will 
be  considered  under  the  head  of  dispersion  (g  701). 

(n.)  Let  mno  represent  a  section  formed  by  cutting  a  prism  bj  a 
plane  perpendicular  to  its  edges.     A  ray  of  Ugbt  from  L  b 
fncted  at  a  and  b  en- 
ters the  eye  in  the  di. 
rection  Ix.     The  object    I 
being  seen  in  the  direc-    | 
Hon   of  the   ray  as  it 
enters  the  eye  (g  659), 
appears  to  be  at  r.    An 
object  seen  throagh  a 
prism    seems     to     be 
moved  in  the  direction    | 
uf  the  edge  that  e^pii- 
rates     the     refracting    | 
Hurfaces,      The      rays  yig.  350. 

themselves     ar«    bi'nt 

toward   the  side  Ihat  sepumtea  the  refracting  surfaces,  or  towaid 
the  thickest  part  of  the  prism. 

46.)  Prisms  are  generally  made  of  glass,  their  principal  sections 
being  equilateral  triangles.     In  order  to  give  s 

▲  liquid  the  form  of  a  prism,  it  la  placed  in  a 
vessel  (Fig.  351)  in  which  at  least  two  aides 
are  glass  plates  not  parallel.  Bottles  are  made 
for  this  purpose. 
it.)  In  Fig  852,  ,1  BO  is  the  principal  section 
of  a  right-angled  fsoscclea,  glass  a 

FlO.  351.  prism,  right-angled  at  G.     A 

of  light  falling  per[«ndicul8rly 

dther  of  the  cathetal  {eatlietwi)  suifaces,  be  AC 

be  refrai:led.     With  AB,  it  will  moke  a 

;le  of  45"  wliich  eiceeds   the   critical   angle   fc 

fflaes  {S  683).     It  will  therefore  be  tofally  reflected 

and  pass  without  refraction  from  the  iM.t\ieV»\  ftattaRa  BC 

prisms  are  often  uaed  in  qptics  instead  ot  mVitore. 


^Re 


H»> 


ir«rrw.irr/f/.v  of  uoht. 


%\S\.   l.ruM^i*%     U'iis4's  an*  genemlly  made  of  .tkwti 

-;.k,.i  ^\.\.Ki\  :.s  i\xv  I'nuii  lotul,  or  of  flint  gUae  waicL  vitio.- 

.ii.i.  \..%t    kiiii  ii.us  i;n'iUi'r  ivlhu'tive  i>fjwer.     Th^r  c^iT'-i*; 

..1...,*:.    4if    ;x-iuim11\    sphoricul.     With   nrci^c:  no  tui*?.' 


..».js.  \  M.A.N  4IX-  I'i  -xiv  kliuU: 


FH>,3$?. 


I  Thicker  at  the  middle  thn 
I      at  the  edges. 


t  «u   u>m;«.i^  «ou>«f^  uu^v  b«  nUMt  as  the  type  of  these. 

,  .,    K ■    rh:ant»r  at  the  middle  than 


.«         ■  ■ 


»  -.    ■  ..;    V  aAvit  .-t*  !he  type  of  these. 
\    .  ■.>.5»  1  .*,    .V  ,vi!*n.U'!vd  as  produced  by 
■  •'  ^^■.      'JLj;  oif  vvxicave  lenses,  by 


*.  .r .  :fcx  '. 


..Nv  vv:4.-\'  .»i  k'u-\;iuitv:  l^incipal  Axis; 

\*i««.iv.i'.    \v:i.'\\      V     .*    \'  vvf-^fx   Vn<  msT  be  de- 

-  .  *v  >:.'L*Ai'r\'?i  Mb ioh  intersect 

•.  :    ».  ^  .'i     •c>^'  >:/><^r^"i>  iTv  the  centres 

-  V   ..  V       •- >  .  L     -i  *i..i-    >  ...>.,•  yr'u«,'i:yiil  *xis  of 

.'.   •    i..-:^      .  ^     >   i    .1..;:   ;-  :>:  rr:~:^:r5il 


\. 


\ 


- .  %«> 


1.     .isx,v?   ..     N.  v.v.    .-.  ■■*...-,.  4i>  "S  r^'l^iC^y  ii-r 


*V,         .J.*  .^       -         ,%•  ,V.  .        *-  >  ^  ^K  * 


:  •aL■JtV.^^i*s  'T?\«u'*i*.%'%;^ 


B  REFRACTION  OF  LIGHT. 

faoea  of  the  lens.     Any  straight  line,  other  than  the  prin- 
i,  parsing  through  the  optical  centre  is  a  second' 
f  axis.     (See  First  Principles,  Fig.  216.) 

B.)  If  a  raj  of  light  passiiig  through  the  optical  centre  he  re- 
d  at  all,  the  two  refractions  will  be  equal  and  opposite  in  dlrec 
The  alight  lateral  aberration  thus  produced  majr  be  disregarded 

680.  Principal  Focus. — ^ill  rays  parallel  tc 
i  principal  axis  will,  after  two  refractions,  con- 
verge at  el  point  called  the  principal  focus.  Thia 
point  may  lie  on  either  side  of  the  lens,  according  to  the 
direction  in  which  the  light  moyes;  it  is  a  real  focus.  The 
greater  t!ie  refracting  power  of  the  snbstauce  of  which  tba 


Fia  354.  -^^ 

lens  is  made,  the  nearer  the  principal  focus  will  be  to  the 
lens.  In  a  double-conyex  lens  of  crown  glass,  the  principal 
focal  distance  is  equal  to  the  rf^ius  of  curvature;  in  a 
plano-convex  lena  of  the  Bame  material,  it  is  twice  as  great. 

(i(.)  The  position  of  the  principal  focus  of  a  lens  is  easily  deter 
mined.  Hold  the  lens  facing  the  Biin,  The  parallel  Holar  rays 
incident  upon  the  lens  will  converge  at  the  princIpHl  focua.  Find 
this  point  hv  moving  a  sheet  of  paper  back  and  forth  behind  the 
l«ns  until  the  bright  spot  formed  upon  the  paper  is  brightest  and 
■malleet.     (See  Firnt  Priri.  Nat.  Phi'.,  Eip.  228.) 

(b.)  It  is  also  true  that  rays  diverging  from  a  point  at  twice  the 
nndpal  focal  dietaoce  from  the  lens  will  converge  at  a  point  just 
irdlBteDton  the  other  side  uf  the  lens.  Ila^'a  diverging  fram 
',  these  two  puinla  being  at  twice  the  focal  dis- 
t  from  the  l^us.  By  eiperimentin^  with  a  lens  and  candle- 
il  the  flame  and  its  image  are  ut  eqiiai  diatances  from  the 
«  able,  in  a  second  way,  to  del^rmine  the  principal  focal 
if  the  lens.  The  conj  agate  foci  situated  at  twice  the  prin- 
le  we  called  ««c<"wlaT^tf  Z"'^- 


I 


690.    Conjugate    Foci.— Eaya   diver^ng  ftoni  u 

Iniainaus  puiut  in  the  principal  axis  at  a.  umalt  distaDK 
beyond  the  principal  focua  on  either  side  of  tbel«o8irill 
form  a  focua  ou  tho  principal  axis  Leyond  the  otlicrprit)' 
cipal  focuB.  Thus,  rajs  fi-om  L  will  converge  at  f;  eaa- 
Versely,  raya  from  /  will  converge  at  I,  (§  667).  If  tbo 
luminons  point  be  in  a  secondary  axis,  the  rays  will  atn- 
Terge    to    a    point  in   the   same   Becoodary  axis.      Tico 


Fn;.  355. 
f  points  thus  refuted  to  each  oilier  are  called  con- 
I  jugate  foci ;  the  line  joining  thsTn  always  passes 
I  through  the  optical  centre. 

(a.)  If  the  luminous  potnt  bo  more  tbsn  twice  the  focal  diBUnce 
I  from  the  ]eoB,  the  conjugate  focue  will  lie  on  the  other  eitto  of  llie 
a.  dietance  greater  than  the  focal  diBlBDCe,  bat  less  Ihull  I  nnoe 
e  focaJ  distanre.  If  the  luminous  point  be  moved  toward  lli* 
I,  the  focus  will  recede  from  the  lens.  When  the  Inniinoilfl 
Lt  one  sccondaiy  forus,  the  rajs  will  converge  at  tbo  otba 
I  ncondary  focua.  When  the  luminous  point  is  between  the  BMoad- 
I  my  and  prini^ipal  foci,  the  ntra  will  converge  beyond  the  aecumluy 
r  focQH  on  the  other  side  of  the  lens.  When  tlie  luminous  point  la  U 
■  the  forni  distance,  the  emergeut  rays  witi  be  parallel  and  no  fucw 
will  be  formed.  When  the  luminous  point  is  at  lem  th&n  tba  fiKil 
distance,  the  emeigenl  n.^^  ViiY  f,\.\^  ^xet^e  as  if  fnun.  a  pnnt  M 
t  Hie  same  side  o{  tVve\eiia,»W^^^«»»^^Vft'ft>»i  •    '    "" 


p  fociiH  will  be  virtual.  Conversely,  conveTging  mya  fslling 
1  &  convex  lene  will  form  a,  focus  nearer  tlie  lens  than  the 
leipd  focus.     (See  Fig.  356.) 

>1.    Conjugate    Foci  of  Concave  Lens.— 

8  from  a  luminous  point  at  any  distance  whatever  will 
ffmadGmoi'e  divergent  by  passing  through  a  concave  lena. 


KajB  paruilel  to  the  principal  axis  will  diverge  alter  refhiQ- 
tion  as  if  they  proceeded  from  the  principal  foon&  In 
any  case,  the  focus  will  be  virtual,  and  nearer  the  lens  than 
the  luminous  point. 

'2.  ■  Images  Formed  by  Convex  I^enses. — 

aaalo^es  between  the  coavex  leiift  a.o4  ttift  <»Twa.it 


^b92.  Im 

m 


ssrsjiTioy  or  ligbt. 


\  hare  cecaped  tbo  ootice  of  the  thonghtfn) 
Others  will  »ppc&r.     If  secondary  axes  1m  twriv 
I  lo   the  principal  axis,  well-defineil  foci 
d  npoo  Umnd,  as  well  u£  upon  the  principal  i 
nbvr  o(  tiwee  foci  mav  det^nnmo  the  postioD4 
e  Ibmied  b;  a  lens. 

I  (a.)  Tlw  Uncar  ilimftiMnM  of  object  and  fsMge  u»  d 
Ir  mpocilTe  dtauncn  fraoi  tjw  centra  of  ibe  lena ;  tfcqrij 
«r  iaTvrtM,  actoidfaiig  as  thej  a 
V'flUe  ol  th«  lea«  or  on  oppoaitr  ridca. 

61)^.   Ctinstructiou  tor  Real   Images. — To  detemiw 

the  position  ot  (he  ima^  of  the  object  AB  (Fig,  358),  draw  fnm 
my  poinl.  as  .1.  b  line  parallel  lo  the  prinripal  nxis.     After  refJM 


Hon.  the  tay  repn««it«d  by  this  line  will  pass  through  i'',  the  pnn- 
dpal  focuB.  Draw  the  Beoond&ry  axis  for  the  point  .1,  The  inl«r> 
ion  of  these  two  lines  at  a  determines  the  portion  of  the  «*■ 
Jugate  focus  ot  A.  In  sirollar  iDiutoeT,  the  conjugate  tocoa  tXV" 
tonnd  to  be  tt  b.  Joimiig  tbeee  poititB.  the  line  ab  is  Ibe  tl 
Ibe  line  AB. 

«U1.  Diminished  Real  Imns:e.~-U  the  object 
bo  more  Uinu  twice  the  Tocal  ili.*tiiiiee  from  the  eonvvi 
its  imiigt>  will  be  real,  smaller  Ihan  the  object  and 
kr^Fig.  3S9).    Constoi<:A.&Q  ^ssvt.^  ob  indtoatediii 


f  the  MB' 


F[G.   360. 

f  di-   '   '     '  ..  twice  the  focal  distancej  the  image  will 

i  real,  magoitied  and  inverted.     (Fig.  310.)     ConBtruct 


L 


BJf  or  LIGHT. 


iQ.  Virtual  Image.— IT  the  object  be  placed 
r  the  lens  Uuc  tbo  princijial  loQXii,  the  image  will  be 
rirtiul,  magoifial  uid  enct  <Fig.  361.)  Tbis  explwiii 
tte  ^miliar  magnifying  e^ets  oE  oonrex  lenses.  Con- 
■trnct  the  image. 

607.  Image  of  Concave  Lens.— Images  fbnned 

by  a  c»DcaTe  leua  are  virtual,  smaller  than  tbe  object  ami 

The  congtrnctiou  of  the  image  ia  ^huwn  in  Fi? 


JFofc.^rha  power  of  the  convei  lens  to  fnrm  real  and  diminiafaB] 
nagce  of  distant  objects  and  ma^mified  images  of  near  objects,  is 
Of  freqaent  application  in  Bucb  optical  insl.ruraenls  as  the  mieiw 
scope,  telesc-ope,  magic  lantern,  lighthouse  lamps,  etc-  Owing  ts 
the  identitv  between  heat  and  Inminooa  rajs,  a  convex  lens  is  alsn 
a  "  boming-glasa." 

I  698.  Sptierical  Aberration.— The  rajs  that  pas; 
I  through  a  8pi;erical  leoe  near  its  edge  are  more  refiractcii 
I  than  those  that,  pass  nearer  the  ecnti-e.  They,  tberefon'. 
I  converge  nearer  the  lens.  A  sphoriciil  lens  eaunot  refract 
^^  of  the  incident  rays  to  the  same  point.  Hence 
^V  |>herlcal  ahoTTatiuti"  aoi  its  sk&o^vcv^  <x)Q.fiec^Qenoeg  va 
^Lcon^uction  and  wte  ol  o-pt\ca.\ tow-«.'wj^ 


REFRACTION   ( 


EXERCIBES. 


:e  lawB  governing  I 


1  (o.)  Wbat  la  refraction  of  liglit  t    (6.)  State  the  It 
the  same,  mid  (e.)  giva  an  illastiative  diagram. 

2.  (r).}  Name  and  Uluatiale  by  diagram  tlie  dlffErent  classee  of 
IsnsfS.     |ii.)  Explain,  witli  diagram,  tlie  action  of  the  burning-glass- 

3.  (a.)  Elplain  the  caase  of  total  reflettion.  (6.)  Show,  with 
diagram,  how  the  aecondary  axes  of  a  lens  mark  the  limits  of  the 

4.  (1.)  Using  a  convex  lens,  what  maet  be  the  poeition  of  an 
object  in  order  that  its  image  shall  be  real,  magnified,  and  inverted  1 
{b. )  Same,  using  a  concave  lens  t 

5.  («,)  Show  how  a  ray  of  liglit  may  be  bent  at  a  right  angle  by 
a  glosB  priam,  (6.)  Tlie  focal  dietanca  of  a  convex  lens  being  S 
inches,  determine  the  position  of  the  conjugate  focus  of  a  point 
13  inchee  from  the  leas,    (c)  18  incheH  from  the  lens 

6.  (a.)  The  focal  distance  of  a  convex  lena  is  80  em.  Find  the 
lonjngate  focos  for  a  point  16  rm.  from  the  lens.  (M  How  msf  the 
focal  length  of  a  lens  be  detenninod  eiperimentaJly  t 

T.  If  an  object  be  placed  at  twice  the  focal  distance  of  a  convex 
lens,  how  will  the  leoffth  of  the  image  compare  with  the  length  of 
the  object  T 

8-  A  small  objecl  la  IS  Inches  from  a  lens  ;  the  image  is  24  inches 
from  the  lens  and  on  the  opposite  side.  Determine  (by  conatrnetiou) 
the  focal  distance  of  the  lens. 

0.  A  candle  flame  la  6  feet  from  a  wall ;  a  lens  is  between  the 
Dame  and  the  waD,  B  feet  from  the  latter.  A  distinct  image  of  the 
Same  is  formed  upon  the  wall,  (n.)  In  what  other  position  may 
Ihe  lena  be  placed,  that  a  distinct  Image  may  be  formed  upon  the 
wall  t    (S.)  How  will  the  lengths  of  the  images  compare? 

Recapitulation. — In  this  section  we  have  conndered 
the  Definition,  Index,  Laws  and  Explanation 
of  refraction ;  Internal  Reflection  ;  Plates, 
Prisms  and  Lenses;  principal  and  conjugate  Foci 
of  lenses ;  Construction  for  conjugate  foci  and 
imftgea;  Spherical  Aberration. 


jQSeCTION    IV. 

CHROMATICS.— SPE.CTR  A. 

699.  Other  ResnltB  of  Re&action.^In  ovr  pwrinu 
consideration  of  Iniaiaoas  taja  ive  hare  Btudied  the  eiSect  o(  refieC' 
tion  and  retrattioa  upon  the  direction  of  raj's ;  in  fact,  we  two 
doalt  with  only  those  properties  which  are  common  to  all  lumiaonB 
laf  B.  But  the  properties  of  light  and  the  phenomena  of  ratnctioa 
are  not  so  simple  na  we  might  thus  be  led  to  suppoee.  Uoet 
tumiuouB  objects  emit  light  of  si'veral  kinds  blended  together.  Wb 
must  Dot  be  satiafied  with  our  knowledge  of  light  until  we  an  *1jle 
(o  sift  these  Tarieties  one  from  the  other,  and  to  de&i  with  aay  am 
kind  hj  iffl.-lf. 


» 


700    Nol  II    SiuTtriiin  —  V  1(1  I  i  ujl- 

a  very  email  opening  in  the  shuttci  of  i  daikeiied  loom 
The  opeuiug  may  be  prepa.rKd  by  cutting  a  slit  nn  irib 
{25  THiit.)  long  nod  ^j  of  m  inch  {1  mm  )  wide  in  a  cwii 
that  the  edges  of  the  slit  are  Biuooth  Tack  the 
over  an  opening  in  the  shntter.  If  we  look  fit  the 
iperture  from  E  we  shall  see  the  sun  beyond.  The  piilli 
^  beam  from  S  to  E  is  made  visible  by  the  flosling 


CBBOMA  TICS—SPECTBA. 


If  a  priBtn  be  placed  in  the  path  of  the  beam,  aa 
lown  in  Fig.  363,  the  sides  of  the  Blit  and  edges  of  the 
prism  being  horizontal,  the  beam  will  be  refracted  upward 
K  the  refracted  beam  be  caught  upon  a  screen,  it  will 
Appear  as  a  band  of  differently  colored  light,  passing  by 
imperceptible  gradations  from  red  at  the  bottom,  throngh 
orange,  yellow,  green,  blue  and  indigo  to  violet  at  the 
npper  end  of  the  beautifplly  colored  band.  ITiis  colored 
band  is  called  the  solar  spectrum. 

(a. )  The  dUteront  coIotb  do  not  6ccQp7  equftl  epfice  In  the  epectmn, 

orange  having  the  least  and  violet  the  most.     The  initials  of  these 

coloia  form  the  meaningleBB  word  VEBOYOn,  wliich  may  aid  the 

memory  in  remembering  these  priimatiu  colors  in   their  proper 

By  placing  the  slit  la  a  v^rlical  position,  and  standing  the 

on  its  end  bo  that  Ha  edgea  will  be  parallel  with  the  sides  of 

M  Bllt,  (he  spectrum  will  1)6  projected  as  a  hnrixootal  band, 

1 901.  Dispersiou. — By  looking  at  Pig.  303,  it  will 
1  seen  that  the  red  rays  have  been  refracted  the  least  and 
9  violet  the  most  of  all  the  luminous  rays.  ThiB  sepn- 
'^atiarb  of  the  differently  colored  rays  by  the  prism, 
is  called  the  dispersion  of  light;  it  depends  upon  the 
fact  that  rays  of  different  colore  are  refracted  in  difierent 


a.  Pure  Spectmm. — The  spectrum  above  de- 
iCribed  is  composed  of  overlapping  and  differently-colored 
images  of  the  slit.  In  a  pure  apectrnm  these  images  mnjit 
not  orerlap.  The  first  requisite  in  preventing  this  over- 
lapping is  thiit  ihe  slit  be  very  narrow. 

(a)  The  meet  eiinpte  way  ot  producing  a  pare  speclnim  Is  to  locA 
.lirougb  B  prism  at  a  very  narrow  slit  in  the  abutter  of  a  darkened 
room.  Thp  edges  of  tlie  prism  should  I*  parallel  to  the  elit ;  the 
priam  should  be  at  least  five  feet  <li  m.)  from  the  slit ;  the  prism 
Should  be  tamed  until  the  colored  Image  ol  Aw  i^\i.  Sib  *ik  ■^4^^RHC>• 


I 


sngulBT  distance  from  the  slit  Jtaelf.  A  pure  Bpectiitra  Is  ilm 
obtained  b;  posing  l!i<i  beam,  through  serenJ  prisms  in  Bucveemon, 
diUB  mcreaeing  the  diepersioo. 

703.  Fraiinhofer'B  Lines.— A  pnre  eolar  BpectnwB 
18  not  continuous,  bat  is  crossed  by  numerouB  dai'k  lineB, 
many  hundreds  of  which  have  been  coonted  and  accu- 
rately mapped.  The  more  conspicuous  of  theae  dark  lines 
are  distinguished  by  letters  of  the  alphabet,  as  shown  in 
Fig.  364.  Each  of  these  dark  Hues  indicates  that  a  par- 
Jdcalar  kind  of  ray  is  wanting  in  solar  light. 


KlG.  364. 

(a.)  The  spectra  of  Incandescent  solida  are  coutinaonB,  from  the 
extreme  red  to  a  limit  depemiing  upon  the  temperature.  The 
Bpectm  of  incandescent  gnsee  |not  contM.ning  aolid  partielee  In 
BUHpenalon)  sre  non -continuous,  consiating  of  a,  numbeir  of  definlle 
bright  lines.  /  candle  ur  gaa  flame  givee  a  continaoDS  epectram 
because  it  in  chiefly  dae  to  the  Incandescence  of  solid  c&rbon 
particles. 

(6.)  The  spectroscope  Is  an  Instrnment  for  producing  and  observing 
pore  spectra.  It  has  proved  to  he  one  of  the  most  powerful  ddi 
to  modern  science.  It  afFords  the  most  delicate  means  of  ohemkel 
ftnalvais  ;    hj  its  aid  several  elements  have  been  discorered ;  tfaa 


presence  of 
"  spectrum 


grain  of  sodium  bas  'been  detected  bj 

lalfris."      It  is   of   incalculable   importance   to  (1if 

For  definite  Information,   the   pupil   is  neeeBBarilj 

referred  to  some  of  the  excellent  manuals  upon  the  subject  rec«'>tl; 

ira')lishe<L 

Experiment  I.— Let   the   wye   that    have    been   dispersed   by  ■ 

■  1  Fig.  365,     TA^  ,M  t- 

Hid  Teei»nbin.ed  Co  J'orvi  icMte  ligld.     A  CfluaTe 


■jlrror  ma;  be  used  to  reflect  the  rays  t< 
«  lens  as  above  described. 


1  focus  insteail  of  j| 


Fco.  365. 


Experiment  2. — Make  a  'Newton's  disc"  of  cardboard  painted 
with  the  priamatic  colore  in  proper  projiortion  as  indicated  by  Fig. 
aHe.  It  is  better  to  divide  the  surface  given  to  each  colnr  into 
smeller  eectors  arranged  altemBtelj  ae  shown  in  Fig,  307.     You 


Fig.  366. 


Fir.,  367- 


ma,j  ptiste  s»!tors  of  properly  colored  paper  upon  the  cardboard 
instead  of  painting  them.  Cause  this  disc  to  revolve  rapidly  by 
means  of  the  whirling  table  or  by  faetenioK  it  to  a  large  top.  Notice 
thiit  the  coir/rt  are  blended  and  that  Hit  disc  appears  gmyink  whiie. 

Experiment  3. — Hold  a  second  prism  near  one  that  is  used  to 
prodnce  a  solar  apectmm,  the  position  of  the  second  being  inverted 
with  reference  to  the  lirat.  If  the  diaperaing  prism  be  hold  ae  shown 
in  Fig.  36B,  the  second  should  be  held  with  the  refmctlng  edge 
uppermost,  the  facing  eurfiices  being  parallel.  The  dispersed  raya 
emerging  from  the  first  priam  will  fiaea  through  the  second.  Tht 
rnys  tpnrat^  hy  tlie  first  will  he.  agnin  hlfarled  by  the  second  anA 
appear  im  lehtte  light. 

Experiment  4,— Hold  a  hand  mirror  near  the  dispendng  priam 
«ci  as  (0  r^ect  th«  refracted  rays  to  &  ^EtajU  vitXV  o^  <;eC>\iiv  ^^^'^ 


CHBOM^nCS. 


n  tlie  mirror  a  Mpid,  uigaUr  mittlaa  so  Ibat  tlie  Bpeetmm  i«  dida 
0  and  fw  very  quickly  in  the  direction  of  iis  lenph. 
e  tpeclTum  ehaagn  to  a  bund  of  white  light  with  a  colored  tpal  ni 
Tlie  efi^cl  Ib  due  to  what  ie  linowD  bb  the  "  Puaaluuci! 
[  Vision,"  familiarlj-  illiiHtnit«d  hy  the  experiment  of  prodnein^- 
ft  ring  of  light  by  whirling  a  firebrand  BToiuid  a  rircle, 

704.  The  Composition  of  White  U^hti 

Kliavj  now  shown,  by  both  ihe  pracesses  of  analjil 
nthesis,  that  white  light  is  composed  of  the  i 
rrisnvatU:.    colore.      We    hiive  decomposed   white  light 
bto  its  seven  coustitueats  and  rccumbined  theBe  c 
Inents  into  white  light. 

Experiment  5. — Paint   three    narrow    strips  of    rardboarf 

'   Termilion  red,  one   emerald   green   anil   the   other  aniline  ^ 

Be  sure  that  the  coats  are  thick  enough  thoroughly  to  hide  fin 

cardboard.     When  dry,  hold  the  red  strip  In  the  red  of  the  solar 

spectram  ;  it  appears  red.     Move  it  slnwly  through  the  orange  miL 

I   yellow  ;  it  grows  gradually  darker.     In  the.  green  and  eohrt  h 

mit  appea/rs  bidck,     Repeat  the  experiment  with  the  other  tm 

I  and  CBrefully  notice  llie  effects. 

Experiment   6.— Make   a   loosely   wound   ball   of  candle  T 

soak  it  in  a  strong  solution  of  common  salt  in  water  ;  squeewi  n 

of  the  brine  out  of  the  ball ;  place  the  bull  in  a  plate  and  pour  il 

cohol  over  it.     Take  it  into  a  dark  room  and  ignite  it.     Examine 

L  objects  of  diflferent  colors,  as  stripe  of  ribbon  or  cloth,  1jy  this  yellow 

C-Jight.     OtUy  yeilovi  ebjerii  will  have  their  Tigaat  apptaraner. 

Experiment   7. — In   a   clear   tumbler  or   large   besker  glass  of 

water,  dissolve  a  little  soap  (white  castile  is  desirable)  or  slit  a  fa* 

drops  of  an   alcoholic  solution  of  mastic     Hold  the  veeael  to  tlw 

hbnd  and  examine  llie  liquid  hv  transmitted  sunlight.     WotiM  M 

I   it  itppearit  yeVoinieh-red.     In  a  small  lest   lube,  either   liquid  wiB 

r  colorliws.     Place  a  black    screen    behind    the  Tieaael   Hid 

ne   tlie   liquid   by  reflected  sunlight.     Notkt  thttt  it  apptm 


"I 
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ol 


idle  iffl^^ 


1705.  Color  of  Bodies.— The  color  of  a.  body  is  iu 


f  RAINBOW. 


tbut  particnkr  (;olor,  the  otber  rays  being  absorbed. 
power  may  be  described  as  seleetire  abaorption. 

^^L-<a.)  Properlj  Hpeafeing,  color  ie  ao\  a  prujierty  of  matter,  bat  of 
^B^'lit.     A  ribbon  Is  railed  red,  but  the  redness  lieluDKB  to  the  li^lit, 
^Hfet  to  the  ribbon.     There  vrould  be  moro  propiietj  in  saytD^  that 
^ihe  ribbon  hui  aU  tlie  otiur  eoltrrt  of  the  rainbow,  because  it  ubsorbs 
the  otbBTfl  and  reflects  the  red.     If  the  red  ribbon  be  pliLced  in  tht^ 
grecQ   or  blue  of  the   spectrum   it   will   nppear  black  because   it 
rect.iveB  no  red  rsys  to  reflect.     Colored  sabstanceB  decompna?  the 
iucidcnl  light,  abeorbiog'  some  iaj»  and  asBuming  the  hue  of  tbose 
they  reflect  or  tranHmit  to  tlie  eye.     A  body  that  absorbs  very  few 
of  the  iKf  a  is  white ;  one  that  absorbs  aoarly  all  Is  bUck.     There- 
fore, black  iBnot  a  color  but  its  abaeuce. 

(&.)  If  the  IBJB  that  form  the  spectrom  lie  divided  into  any  two 
parts  and  the  rays  in  each  part  be  mixed,  it  Is  evidoot  that  each 
resultant  color  will  contain  what  the  other  nei^a  to  (nake  while 
light.  Sucli  are  railed  complrmBnlary  ailom  ;  either  ia  aaid  to  be 
complementary  to  the  other.  The  mixture  of  colors  ia  a  very 
diffdreiit  thing  from  the  mixture  o(  pigments, 

[c)  Some  bodies  transmit  one  kind  of  ravK  and  reflect  another. 
Thiu,  gold  leaf  reflects  yellow  rays  and  transmits  green  rays.  The 
beaolifiil  blue  of  the  summer  sky,  Iho  terrible  black  of  the  stona 
cloud  and  the  matchless  sunset  hues  are  eflects  due  to  the  reflec- 
tion, absorption  aud  tranRmission  of  sunlight  by  particles  suepended 
in  the  atmosphere.  An  observer  placed  at  a  very  high  elevation, 
above  most  of  the  reflecting  particles  and  looking  into  outer  space, 
sees  no  bine  canopy  but  only  an  inky  darkness,  illumined  here  and 
there  by  some  gleaming  planet  or  twinkling  star. 

706.  The  Rainbow.— The  rainbow  is  due   to  re- 
fraction, reflection  and  dispersion  of  sunlight  by  water- 
drops.     The  necessary  conditions  are  : 
^^_j[l.)  A  shower  during  fiutishiiie, 

^Hb.)  That  the  observer  glial!  stand  with  his  bitc'lc  to  the 
^^1^,  1)etweeii  the  falling  drops  and  Hif  liiiii, 

{n.)  The  centre  of  the  circle  of  whicli  ibe  rainbow  forms  a  part 
ia  tn  the  prolongation  of  a  line  drawn  from  the  sun  through  the 
a^e  p(  the  observer.    Tkw  Him  it  eoJJed  the  Mia  of  ththoin. 
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707.  Dispersion  by  a  Riiiudrop. — Snppose  tlie 
circle  whos'e  centre  if  at  0'(Fig.  368)  toirpresent  tbeseotien 


of  a  raindrop.  A  ray  of  eunlight,  as  Sm,  railing' upj 
raindrop  would  be  refracted  at  m,  reflected  at  n,  anS- 
tefracted  at  m'.  In  passing  thua  through  the  drop,  Qie 
light  ia  also  decomjwsed.  If  m'E  represent  the  i»th  of 
a  red  ray,  the  violet  ray  will  traverse  a  path  above,  becaau 
yiolet  is  refracted  more  than  red.  The  path  of  this  Tiolet 
ray  may  be  represented  by  vi'B.  H  the  raindrop  be  in  His 
exact  position  for  the  red  ray,  m'E,  to  enter  the  ^eoftifl 
observer,  the  vioiet  and  other  colored  raya  will  pass  otct- 
head  and  not  be  seen.     This  drop  will  appear  red. 


,   SiiccASHiTe  Colors  of  the  Rainbow. — In  order 

Lt  a  violet  mj  may  enter  the  eye  at  E,  it  moat  proceed  from  a  ixof 
Htusteil  hcioic  the  one  that  BeadH  the  red  mj,  This  drop  will  apiietr 
t.  Intervening  drops  will  give  tlie  intervening  ralors  of  *ti» 
■  spectrum  in  their  proper  order  as  Is  shown  in  Rg.  389.  Owing 
e  distance  of  the  aiiu.  all  of  the  incidenl  ruvs  are  p&rallel  willi 
aiip,  EO,  drawn  from  the  sao  Ihroucli  E,  the  eye  of  the  oli- 
!r,  to  0,  the  centre  o(  Ifeo  riitVc  a(  which  the  bow  forms  «  pwt 
»  lUgle  between  tiio  WWV^eW.  »nft.  fee  •aamgnfl.  ^i^^.a 
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inBeqoenlly  the  angle,  BEO,  ia,  for  the  rad  i»y,  about  42°.     ' 
ig-Ieafi'Ki'and  Tfi'O  are,  for  the  violet  ray,  about  40'.     Tlis  01 


)-=z=z^- 


lore  lying  between  these,  it  will  be  flcen  Ibal  the  angular  width  of 
e  rkinbow  is  about  two  degreee. 

709.  Fomi  and  Extent  of  the  Kaiiib«w.— 

rom  Fig.  370,  it  will  be  seen  that  every  Jrop  in  the  arc  of 

circumference  drawu,  with  0  as 

centre  and  with  0  F  as  radius, 

sing  opposite  the  sun  and  hnv- 

g    tlie   same    angular    distance 

om    OE,    n%.,    W,  will    send 

olet  colured  rays  to  the  eye  at  E, 

id   the  violet   tiolored    iwirt    of 

le  bow  will  l)e  a  circular  aroh. 

or  the  same  reason,  the  red  of  tlie  Ijow  in  a  oij-cular  arch  | 

ing  without  the  violet  and  at  an  angular  dtstam 

.  herefrom ;    the  other  colOTS  "vWi  ^^^^  wtfjojas 


hing  between  these  two.     If  the  son  le  at  Ihe 

horisob,   EO  Till  be  horizontAl  and  the  arches  will  be 

,   seaucin'J«&    If  the  mi  be  above  the  horizon,  0  will  be  de-  ! 

pneeol  bdow  the  homon  and  lese  than  eemidrcies  willbe 

If  Uie  obeeirer  be  on  a  moan  tain-top  or  np  is  a 

balloon,  he  maj  f)e«  more  than  a  Bemicircle. 

710.  The  Secondary  Bow.— Sometinies  two  col- 
ored arc^M!*  MK  seen,  one  within  the  other.     The  inner 
whidi  we  have  jast  considered  is  called  the  primaiy  bow;  i 
the  outer,  the  secoodary  bow.  I 

(1.)  In  axplalniiii;  the  pniDu?  bow,  we  traced  a  n.j  of  light  GiU- 
ing  upon  Uie  imp  of  the  imiodinp ;  to  eipU'lo  Uie  secondary  bow,  «■ 
UBce  a  isj  f'JIn'g  opon  its  Icnrer  pKrt  Snci)  a  ny,  aa  8m,  will  bt 
rpfract«d  at  m,  rellerted  at  n  and  »',  and  a^in  reftftcied  at  m', 
oomiog  to  i^  eje  at  E.  If  the  ntj  wbich  tfaoa  comes  to  the  cje  tf 
£  be  a  rod  raj,  the  violet  wiT  follow  m*  V,  and  thas,  pasang  beloff 

>tlie  e;«  becaiue  of  m  greater  refiao^ibilitj,  be  lost  to  aigbt.  lb 
drop  that  Bends  a  violet  ra,T  to  the  eye  »t  Ejaaa.  be  placed  aim 
i»tUad  <f  Mmp  the  drop  t)tat  sends  the  red  raj.     (Fig.  in.) 


%)  In  the  »*'**">^'7^''.  ^^o^**''^'^'''^'^™ 
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tvUl  be  on  ths  outside  nt  aa  nugular  distance  of  about  54°.  Ill  the 
case  of  either  bow,  some  light  ib  luet  ut  each  reSection  ;  tlierefare, 
since  there  are  more  rcQections  in  the  sectrndary  bow,  Ihie  will 
appear  faintei, 

711.  Chromatic  Aberration.— It  is  impoasible, 
by  meaDS  of  a  single  spherical  convex  lens,  to  bring  all  of 
the  incident  raya  to  a  common  focus.  The  bine  and  i-iolet 
raya  being  refi-act-ed  more  than 

the  red  rays  will  conyerge  at 
points  nearer  tlie  lens.  In  con- 
eeqnence  of  this,  when  an  image 
is  projected  upon  a  screen,  the 
image  is  surrounded  with  a  col- 
ored border,  the  color  depending  upon  the  distance  of  the 
screen  from  the  lens,  T/iis  inability  of  a  single  lens 
to  bring  differently  cdored  rays  to  the  same  focus 
is  called  chromatic  aherration, 

712.  Achromatic  LeiiH, — A  convex  lena  of  crown 
glass,  by  combination  with  11  concave  lena  of  flint  glass,  may 
have  iU  dispersive  jjower  neutralized  without  completely 
neutralizing  its  refraction.  Aa  the  converging  effect  of  the 
conifiound  lena  is  not  destroyed,  images  may  be  formed; 
as  the  dispersive  effect  is  destroyed,  the  colored  fringe  is 
avoided,  A  coiiibinatioii  of  lenses  by  which  disper- 
sion is  avoided  and  refraetion,  secured  is  called  an 
achromatic  lens. 

Eaperlntnt  8. — In  any  convenient  clamp,  firmly  prem  together 
iwo  plm:ea  of  clean,  Ihiok,  plala  glass.  A  beantitui  play  of  colore 
will  tfe  seen  in  the  glass, 

713.  luterfereiice  of  lii^ht. — If  a  plano-convex 
lens  of  very  small  curvature  Ik  pressed  down  upon  u  flat 

,   Ji^ttft  ui  glaoH  and  looked  at  from  aXto't^  lu^toi^  -ivs.^ 
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(known  as  Nevtoo'e  rings)  may  be  seen  around  the  eeitn 
of  the  )uD6.  If  the  light  lie  bomogeneona  (t.  e.,  composed 
of  oui-  kind  uf  rajs,  as  rctl)  instead  of  white,  the  ringB  will 
Iw  AffwrHt^t  by  dsrk  spaces.  The  dark  rings  are  doe  to 
the  intiTfervnce  of  the  ether  waves  reflected  from  tlie  , 
luver  suHkoe  of  the  lens  and  from  the  upper  surface  of  tbe 
plate  respectively.  Whenever  the  distance  between  die  | 
two  ivflecting  surfaces  is  such  that  the  two  eets  of  wsrea  ' 
uuitv  in  opposite  phases,  a  dark  ring  will  appear.  Two 
luminous  waves,  as  well  as  two  sound  wavi>8  {§  515),  may 
nnite  so  as  to  destroy  each  other.  When  white  light  is 
used,  the  i-olor  in  any  given  ring  is  complementary  to  the 
color  ihat  is  destroyed  by  interference.  Similar  colors  are 
often  seun  in  Hoap  bubbles,  in  small  quantities  of  oil  Uut 
have  iwen  spread  over  large  sheets  of  water,  in  mica,  eeli- 
nite  and  other  crystals  that  easily  cleave  into  thin  platea, 
etc,  Hud  are  due  to  the  interference  of  light  reflected  from 
two  snrfaces  verj'  near  each  other. 

Expsriment  9.— Cover  one  side  of  »  pane  of  glass  with  into  int 
beinf;  sure  that  it  Is  made  opaque.  Scrat<:h  20  parallel  lines  alxint 
2  tntn.  ajiart,  u|)<id  tlie  glass,  so  that  the  liglit  may  pass  thloug)l 
Slandioir  about  6  or  T  raetere  from  a  tamp,  with  one  eye  shut  and 
the  other  shaded  from  the  aunlight,  look  thmog'h  the  lines  ruled  an 
the  K'asB  at  the  flame.  Slowlj  moviug  the  glass  toward  and  frnin 
the  eyp,  such  a  position  may  be  found  for  it  that  manj  apecttsn' 
the  flame  may  be  seen  separated  bf  dark  spaces. 

Experiment  10. — Throw  a  sanbeam  through  a  very  small  opco. 
ing  in  the  shutter  of  a  Jurkeued  room.     Receive  the  beam  Dpon' 


Fig.  173, 
■•X   leos  of  ahoil  tocttV  \eI^I^\^.  x^bevh^.^'jwkshA  w&^Mk\» 
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shUp  edge  beyond  the  focal  diataace  of  ilie  lens,  as  at «,  eo  as  lo 
cat  off  the  tower  part  of  tlie  lumiaoua  cone  uad  project  the  upper 
part  thereof  upou  a  screiin  at  b.  A  faint  light  U  ecm  on,  the  eereen 
below  the  level  nf  b  mid,  therefore.  viOan  the  geoiaetrieal  »ha<lete. 
Tbe  part  of  the  Hcreen  immediately  above  tbe  level  of  b  contains  a 
aeriea  of  dark  and  light  bands  as  shown  at  B.  which  ie  a  front  view 
«I  tbe  screen  at  b. 


714.  Diffraction  .^T he  pupil  may  have  noticed  that 

■when  water  waves  strike  a,  rock  or  other  ohstaela  a  little 
ways  from  the  shore,  part  of  the  energy  of  the  wave  is 
expended  in  producing  a  second  set  of  waves  that  seem  to 
circle  outward  from  the  side  of  the  obatucle  aa  a  centre. 
The  original  wave,  which  we  may  call  the  primary,  passes 
directly  onward  wKile  the  other  waves,  which  we  may  call 
secondary,  wind  around  behind  the  obstacle.  In  similar 
manner,  luminous  waves  are  modified  when  they  pass  the 
edge  of  an  opaque  body,  aa  in  going  through  a  nari-ow 
alit,  in  consequence  of  which  the  rays  seem  to  be  bent 
and  to  penetrate  into  the  shadow.  Sicch  fin  apparent 
be-Thding  of  the  ltt-rn.iru>us  rays  is  caUed  diffraction. 
Aa  the  primary  and  secondary  waves  cut  each  other,  they 
will  unite  at  some  points,  crest  with  crest  and,  at  other 
points,  crest  with  trough.  At  the  latter  points,  we  ehali 
have  interference  of  light  and  the  effects  of  colors  pro- 
duced thereby  as  explained  above.  The  halos  sometimes 
seen  around  the  sun  ai.d  moon  ore  due  to  the  di&action 
of  light  by  watery  globules  in  the  atmosphere.  The  colors 
often  Been  on  looking  through  a  feather  or  one's  half- 
closed  eyelashes  at  a  distant  source  of  brilliant  light  are 
also  due  to  diffraction. 

Experiment  II. — Look  careful);  at  tbe  blac^  and  the  white  circles 
givpn  in  Fig,  374  Had  deiermiaf!  which  seer/ts  to  be  the  larger. 
Tib/ea  careful^  measure!  their  diameten  and  Ke  idueh  v>  ih«\wtqn. 


715.  Irradiation. — A  white  or  very  bright  object 
seen  against  a  black  ground  appears  larger  than  it 


I 


Fig.  374- 


really  is ;  n  black  (^ect  on  a  white  ground  appears 
smaller  than  it  really  is.  This  ejfefit  is  called  irnir 
diation.  It  arises  from  the  fact  that  the  impression 
produced  by  a  bright  object  on  the  retina  extends  beyond 
the  oatline  of  the  image. 

(d.j  The  effect  of  irradiatioo  U  very  perceptible  in  tbe  Kpparent 
magDlIaile  of  stars  wliicli  are  thus  made  to  uppear  much  larger  than 
tliey  otberwisu  would  ;  also  iii  the  appearence  of  the  new  olaOQ,  the 
illaminated  creecetit  Beemiti);  to  extend  bcyood  tbe  darker  portJOd, 
the  Dew,  thus,  holding  the  uld  moou  tn  its  arms. 

718.  Properties  of  the  Snnbenm.— We  have  seen  thil 

we  may  decompose  a  ponbeam  by  availing  ourstilves  of  the  vaiTing 
refrangibillty  ot  the  dlfl?reat  kinds  of  rays  of  which  it  is  eompoKd. 
We  have  been  able  in  this  mauaer  to  produce  the  seTen  priemadc 
colors  from  while  light.  But  our  analytic  Jnveatigntions  tuast  gn 
still  further.  Beyond  ihe  limits  of  the  vkitk  apwtrom.  in  bod 
directions,  there  are  rays  that  do  not  excite  the  optic  nerve,  the  ei- 
istence  of  which,  however,  may  be  easily  proved.  The  suabeom 
liBs  three  properties  which  we  must  consider  In  detail :  lumiuoit^ 
tltertnal  and  actinic. 


717.  Liimiiions  Rays.— The  difference  in  color  te- 
tweeii  the  rays  found  in  different  parts  of  the  apectnim  i» 
merelp  one  ol  rate  ot  Vi\jtB)acitim  ■«w%i\«ft.^\ 
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that  color  is  to 


V  the  viaible  spectrum,  k  may  be  said  that  c 
Ight  what  pitch  is  to  Bound.  The  length  of  an  ether- 
wave  that  call  awaken  tlie  seusutiuu  of  i-eduesB  in  about 
TiJinr  of  "n  iuch;  of  one  that  can  awaken  the  sen  sal  iou  of 
violet,  about  ttHj-.  Thu  waves  corroapoading  to  the 
intermediate  colors  have  intermediate  lengths.  The 
visibility  or  invisibility  of  certain  iiiys  depends  ou  the 
construction  of  the  eye  rather  than  on  any  peculiarity  of 
the  mys.  It  is  luite  possible  that  the  eyes  of  some 
animals  are  so  constructed  that  ultra-red  rays  may  excite 
vision,  and  that  the  eyes  of  other  animals  arc  so  con- 
structed that  ultra-violet  rays  may  excite  vision. 


718.  Thermal  Kays.^If  a  very  delicate  ther- 
mometer or  thermopile  be  auccesBively  placed  in  varioua 
parts  of  the  spectrum  it  will  be  found  that  the  temperar 
ture  is  scarcely  affected  in  the  violet,  but  that  there  is  a 
continual  increase  in  temperature  as  the  thermometer  is 
moved  toward  the  other  end  of  the  spectrum,  it  being 
quite  marked  in  the  red  and  even  beyond  the  red,  wholly 
outside  the  visible  spectrum.  We  thus  detect  ultra-red 
rays  constituting  a  heat  speotritm.  Their  position 
indicates  their  low  refrangibility  and  increased  wave- 
lengrth.  Because  of  it«  diathermancy,  a  rock-salt  prism  is 
desirable  for  this  experiment ;  glass  absorbs  moat  of  the 
ultra-red  rays. 

(rt.)  The  OTj-hydrogen  flnma  (ChemiBtry.  ^  *1)  develops  little 
lig-ht  bat  an  intense  heat.  Most  n(  ite  ra>'H  are  ubecure  heat  rujs. 
Cr  a  Bmall  cjliaier  of  iime  be  held  tti  tliis  flame,  it  emits  a  lunft 
blilliant  light.  Tliis  cliange  ol'  obscure  heat  Tuya  into  lumiuouB  rays 
it  called  ealorescsnce. 

f.  Aclinic  Baj's.— The  aiitimu  ot  t\\ttia\<i'i  ^'SsitXa 
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[rf  ennlight  are,  in  a  general  way,  familiar  to  all.  Fur 
example,  plante  absorb  carbon  from  the  atmoepherc  only 
during  the  day  time.  Silver  chloride  is  very  aenaitive  to 
this  action  of  sunlight.    The  eensitnve  paper  of  the  photog- 

tcapher  will  remain  unchanged  in  the  dark  ;  it  will  be 
quickly  blackened  in  the  light.  If  a  piece  of  paper  freahlv 
washed  iu  a.  solution  of  Bulphate  of  quiaiue,  or  some  other 
flaoreiiceut  substance,  be  held  iu  the  ultra-violet  rayB,it 
will  bticome  Tisible.  Such  a  slip  of  paper  may  be  used  as 
a  t«st  for  the  presence  of  actinic  rays.  By  placing  it 
eaccessively  in  the  different  parts  of  the  visible  apectrum, 
it  will  be  affected  least  iu  the  red  and  most  in  the  triolet. 
Actinic  effects  will  be  found  even  beyond  the  Tiolet,  whol); 

I  outside  the  visible  spectrum.  We  thx4S  detect  liltra- 
vidlet  rays  constituting  an  actinic  speetruTn.  Their 
position  indicates  thoir  high  refrangibility ;  th&t  their 
wave-length  is  less  than  that  of  the  violet  rays,  A  qnartz 
prism  is  desirable  for  this  experiment  as  glass  queDcbes 
Boost  of  the  actinic  rays.  The  change  of  obscure,  actinic 
Tays  into  luminous  rays  is  ca.\\.edJlfiorescence, 

720.  The  Electrio  Light.— The  electric  light  is 

particularly  rich  in  these  invisible  rays.     The  dark  beat 

rays  may  be  sifted  &om  the  beam  of  light  by  Tpaeang  it 

L through  a  transparent  solution  of  alum;  only  the  lomi- 

^ous  rays  will  be  allowed  to  pass.    The  luminous  rays  may 

e  sifted  out  by  sending  the  beam  throngh  an  opaque  sohi- 

n  of  iodine  in  carbon  di-snlphide.     If  these  soInUons 

(  placed  in  spherical  flasks,  they  will  constitute  lenses  ■ 

t  will  refract  the  transmitted  rays  to  well-defined  foci. 
5ie  focus  of  the  transparent  eohition  will  be  brilliantly 
BUUiiated, 
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the  opaque  solution  will  be  invisible,   while  gim-cottcio 
placed  there  may  be  instantly  exploded.     Platinnm-foil 
been  raised  to  a  red  heat  at  one  of  these  dark  focL 
lotographs  are  now  frequently  taken  by  the  electric  light. 

731.  Selective  Radiation  and  Absorption. — 

Radiation  of  light  or  heat  consists  in  giving  motion  to 
the  ether;  absorption  consists  in  taking  motion  from  the 
ether.  Molecules  of  one  kind  are  able  to  vibrate  at  one 
rate  ;  those  of  another  kind  may  be  obliged  to  vibrate  at 
a  dillerent  rate.  The  first  set  of  molecules  may  be  able  to 
give  to  the  ether,  or  take  from  it,  a  rate  of  vibration  which, 
in  the  ether,  constitutes  obscure  heat.  These  molecules 
can  absorb  or  radiate  obscure  heat  They  may  be  unable 
to  vibrate  at  the  higher  rate  which  will  enable  them  to  ab- 
sorb or  radiate  light.  They  must  either  transmit  or  reflect 
light  that  fella  upon  them.  In  other  words,  a  body  absorbs 
with  special  energy  the  kind  of  rays  itself  can  radiate, 
both  the  absorption  and  the  radiation  depending  upon  the 
possible  rate  of  vibration  of  the  molecules  of  the  body. 

(a.)  In  tlie  case  of  gases,  the  period  of  molecular  vibration  U 
sliarplf  (leHaed.  Gnseoua  moleculcH,  like  musical  strings,  can 
vibrates  at  onlj  definite  ratea.  Liquid  and  aolid  molecales,  liku 
sound ing-boatda.  are  able  to  vibrate  at  different  rates  tTiag  between 
certain  fiied  limitB.  Tlieae  limits  depend  largely  upon  the  tempera* 
ture.     Tliia  principle  underlies  solar,  spectrum  analysia. 

732.  Relation  between  Radiation  and  Ab- 
sorption.— Transparent  bodies  are  transparent  because 
the  cther-wavea  which  produce  or  constitute  hght  pass  be- 
tween the  molecnles  of  such  bodies  without  having  thei; 
wave-motion  transferred  to  the  molecules.  Diathermanous 
bodies  transmit  heat  freely  because  the  ether-waves  which 
f^duce  or  constitute  heat  pass  between  tUe  top.VuvJss,  ^s. 
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such  bodies  without  hariug  their  peculiar  wave-motioD 
trausferred  to  the  molecules  uf  the  bodj  through  whicli 
thoj  iiii£S.  When  a  ray  of  light  or  heat,  in  ^uuaiug  through 
a  substance,  gives  its  energy  to  the  molecules  between 
which  it  ia  passiug  in  the  ether,  the  r.iy  is  uhsorbed.  II. 
no  longer  exists  as  radiant  energy;  it  haa  bfcoiue  abBorbed 
heat  and  warms  the  body.  It  ia  no  longe.r  a  motion  ul 
the  ether;  it  has  become  a  motion  of  ordinary  matter. 
As  in  the  case  of  radiant  heat,  so  with  light;  the  beet 
absorbents  are  the  best  radiators.  A  piece  of  transparent. 
colorless  glass  will  absorb  very  little 
light ;  heat  it  intensely  and  it  will 
radiate  very  httle  light  On  the 
other  hand,  a  piece  of  opaque  glass 
will  absorb  a  great  deal  of  light ; 
when  heated  inU-nsely,  it  will  radi- 
ate a  great  deal  of  light.    See  §635. 

(a.)  Ifonintenselyheatedpotofmelted  ''"^-  375- 

lead,  tin  or  plumber's  soliifir  be  carried  into  a  dark  plare  and  tlie  (Jtoss 
Bklmmed  aside  bj  h  red-tioi 
iron  ladle,  the  liquid  meul 
(wliicli  in  sunlight  would 
reflect  iHther  than  kbrarb 
the  lipht)  will  appeKr  Itn 
bright  than  the  Barroojid' 
ing  drOBe.  If  a  ple«e  of 
platinum-foil  bearing  ui 
ink-mark  be  heated  to  in- 
'  candescenco  and  vlemd  in 
B  dark  room,  ihe  uak-Durii 
will  radiate  luote  ligbl 
than  the  metal.  Exposed 
to  sunlight,  tlie  ink-muk 
will  absorb  more  ligbt  thin 
themetal.  I f a cbAlk-nurk 
be  made  on  a  black  poker, 
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and  viewed  <n  b.  dark  room,  the  chalk  iviU  be  leee  laioiuoiis  than  the 
iron.  If  a  piece  of  etone-ware  of  blar.k  and  white  patteni  (Fig.  375^ 
be  heated  to  redoeas  and  viewed  id  b  dark  room,  the  black  will  ahlne 
more  brightly  than  the  wliiie,  t)ie  pattern  being'  reversed  as  shown 
in  Fig.  376. 

Exercises, 

1,  Give  the  best  reason  joa  can  think  of,  why  the  rainbow  is  a 
circatar  arc  and  not  a  Btraight  line  or  of  sonic  other  shape. 

2,  Taking  the  velocity  of  light  to  be  188.000  miles  pf  r  second  and 
the  wave-length  for  green  light  to  bo  .00002  of  an  inch,  how  many 
waves  per  second  beat  upon  the  retina  of  an  eye  eiposed  to  green 
light  t 

3,  How  may  apberical  and  chromatic  aberration  cauBed  by  a  lens 
be  corrected  ! 

i.  Describe  Fraunhofer'a  lines  and  tell  how  they  may  be  produced. 
WTiy  not  thraugh  a  circular  orifice? 

15.  DeecTibe  in  full  what  is  meant  by  dispersion  and  the  dispersive 
(nr  of  a  medium. 
daw 
01 


Recapitulation. — To  be  umplified  by  the  pujjil  for 
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OPTICAL  INSTRUMENTS.— P0LARI2ATI01 


723.  Photographers'  Camera.— The  photogr* 
pher's  camera  is  nearly  the  same  as  tlie  cameni-obecuiu 
described  in  g  650.  Instead  uf  the  darkened  room  we  have 
n  darkened  bos,  DE ;  instead  of  the  simple  hole  in  the 
shutter,  we  have  an  achromatic  convex  lens,  placed  ins 
sliding  tube  at  A. 


e  part  of  the  box  slides  vrjthin  the  other  part 
with  a  movement  likn  that  of  a  teteacope  tube.  SometimeB  the  fraal 
and  the  back  of  the  box  are  jnioed  hf  flexible  sidea,  as  afaowa  in 
Fig.  377,  BO  that  tlie  diatance  betweea  A  sud  S  mft;  be  varied.  A 
grotuid-j;lBss  iilatp  is  placed  in  the  frame  at  E,  which  la  adjusted  BO 
that  a  well-defined,  biTerted 
image  of  the  object  in  (rwil 
of  A  is  projected  upin  tha 
gloBspIate.  (Se«§ 694.)  This 
adjiLfitment.  or  "  focuning,'' 
is  completed  by  moving  tljv 
lens  and  its  tube  bf  tho 
toothed  wheel  at  D.  When 
the  '''focDMiitg "  is  Mlit 
^torf ,  A.  IB  covered  willi 
a.  blacl*  cloth,  the  ground 
glaos  plst«  replaced  hj  » 
chemical  I;- prepared  eenD 
live  plate,  the  cloth  removed  and  the  image  projected  thereon.  The 
light  works  certain  chemicnl  changes  where  it  falls  opon  this  plite 
and  thus  a  more  lasting  image  ia  produced.  The  prelimimu^  tod 
eubse<|uent  procesaea  nect'^aaarilj  involved  in  pholographj  cauuot  ba 
considered  hi:n? ;  they  belong  rather  to  chemiatr;. 

734.  The  lliiman.  Eye.— This  most  adtnirahk-  ol 
3  ontical  iTiBtrameutew*.  wwi\5  «^msc^^^ 


Fig,  377, 
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being  turned  considerably  in  its  socket.    The  outer  coat,  8, 
is  firm  and,  excepting  in  froat,  ia  opaque.     It  is  called 

the  "white  of  the  eye,"  or  the  sclerotic  coat  Its  trans- 
parent part  in  front,  G,  is  calkd  the  nrnm.  Tlic  cornea 
is  more  convex  than,  the 
rest  of  the  eyeball.  The 
cornea  flU  into  the  coat,  S. 
as  a  watch  crystal  does  info 
its  case.  Behind  the  cornea, 
is  a  curtain,  /,  called  tljc 
iris.  It  is  colored  and 
opaque;  the  circular  window 
ID  its  centre  is  called  the 
pupil.     The  color  of    the  '"'=''  37». 

iris  constitutes  the  color  of  the  eye.  Back  of  the  pupil  ia 
the  crystalline  lens,  L,  ballt  of  concentric  shells  of  varying 
density.  Its  shape  is  shown  in  the  figure.  This  lens 
divides  the  eye  into  two  chambers,  the  anterior  chamber 
containing  a  limpid  liquid  called  the  aqueous  humor ;  the 
posterior  chamber  containing  a  transparent  jelly,  V,  called 
the  vitreous  kvmor.  The  viteous  humor  is  enclosed  in  a 
transparent  sack,  R,  called  the  hyaloid  membrane.  The 
cornea,  aqueous  humor,  crystalline  lens  and  vitreous 
humor  arc  refracting  media.  Back  of  the  hyaloid  mem- 
1  the  retina,  R,  an  expansion  of  the  optie  nerye. 
;he  centre  of  the  back  of  the  eye  is  a  slight  depreBsion 
.  the  yellow  spot,  This  is  the  most  sensitive  part  of 
t  retina.  The  point  at  whjch  the  optic  nerve  enters  the 
t  ia  called  the  blind  spot.  It  is  at  one  side  of  the  yellow 
,  nearer  the  nose.  Between  the  retina  and  the 
c  coat  is  iV,  the  choroid  coat,  intensely  black  and 


The  oye,  optically  considered,  is  simply  an  arrangement 

I  for  projecting  invertol  real  images  of  visible  objecUnpou 

I'B  screen   made    of   nerve    filaments.      Tbe   image  ttaa 

formed  is  tbe  origin  of  the  sensation  of  yiaion.    (§  650  e.) 

Experiment  1. — Stick  two  needles  into  a  book-cover  or  boud 
I  I  ftboDt  6  iachcB  sp&rt.  Cloee  one  eye  and  hold  the  book  so  thai  tbo 
needlts  etiallbe  neKTl;  in  range  wiih  [he open  e;e and  o bout  0  and  12 
inctiea  rtisptcti^elj  from  it  Ohl-  noedlo  will  be  seen  distincllj 
■while  the  Imttge  of  the  other  will  be  blurred.  Els  the  view 
■  defliutel7  on  the  needle  that  appears  blurred  and  it  wiU  biiaome 
distinct,  bat  goii  cannot  tee  both  dearly  at  the  name  time.  (See  Fig. 
.8S4.) 


Expepiment  2.— Close  the  left  eje,  look  steadily 
low,    holding  the  book   about   a  foot   fnmi  the  face. 


tbe 


I 


y  plaittlj  visible  as  well  as  the  cross.  Keep  the  eje  Hied  on  the  eiOM 
}  the  book  slowly  towards  the  fscis.  When  the  image  of 
the  dot  falls  on  the  blind  spot,  of  the  eje,  the  dot  will  disappear, 
Hold  the  book  in  this  position  fbr  a  moment  and  see  if  the  chaoRiBg 
convexity  of  the  ciyBtalline  tens  throws  the  image  of  the  dot  off  llw 
blind  spot,  making  the  dot  again  visible. 

Experiment  3. — Stick  a  bright  red  wafer  upon  a  piece  of  whil« 

paper.  Hold  the  paper  in  a  bright  light  and  look  steadily  at  the 
wafer,  for  some  time,  with  one  eye.  Turn  ilie  oye  quickly  to 
another  part  of  the  patier  or  to  h  white  wull  and  a  greeobb  spot, 
tbe  sise  and  shape  of  the  wafer,  will  appear.  The  greenish  oolot 
of  tlie  image  is  complementary  to  tbe  red  of  tbe  wafer.  If  the  wkits 
be  green,  the  image  afterward  seen  will  be  of  a  reddish  (conplB- 
meatary)  color. 

725.  The  Action  of  the  Eye.— The  iris  aota  u  i 
self-regulating  diajilirugm,  dilating   Iho  popil   and  tbua 
I   admitting  more  light  when  tbe  illnminatiou  is  weak ;  cod- 
J  the  pupil  and  cutting  off  more  light  when  the 
ation   is    strong.      The    adjustment  for    ditUmct 
0  throw  t\ie  ^aia  oti  ' 
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changing  the  eonvexity  of  the  anterior  Burface  of  the 
crystalline  lens.  (See  Experiment  3.)  The  impression 
upon  the  retina  doea  not  disappear  instantly  when  the 
action  of  the  light  ceases  but  continues  for  about  an 
eighth  of  a  second.  The  result  Is  what  is  called  tbe  per- 
sistence of  vision.  If  the  impressions  are  repeated  within 
the  interval  of  the  persistence  of  vision,  they  appear  con- 
tinuous. {Compare  §  490.)  This  phenomenon  is  well 
illuBtratcd  by  the  himinoua  ring  produced  by  swinging  a 
firebrand  around  a  circle  and  in  the  action  of  the  common 
t«y  known  as  the  tliaumatrope  or  the  zoetrope.  The 
sensibility  of  the  retina  is  easily  exliausted,  as  though  the 
terminal  cones  of  the  optic  nerye  became  tired  of  vibrat- 
ing at  a  given  rate  Jind  thus  became  inaenaible  to  certain 
impulses  of  light  corresponding  to  a  certain  color.  (See 
Experiment  3.)  The  retimia  of  some  eyes  aeem  to  be 
affected  similarly  by  raya  of  different  colors.  The  owners 
of  such  eyes  are  said  to  be  color  blind.  Serious  railway 
accidents  cansed  by  mistaking  the  color  of  signal  lighta, 
have  led  to  examinations  for  color  blindness.  Such  ex- 
aminations have  shown  that  this  optical  defect  is  much 
more  common  than  is  generally  supposed,  many  persona 
being  color  blind  without  knowing  it. 

726.  Estimates  of  Size  and  Distance.— We 

estimate  the  size  of  visible  objects  (by  instinct  or  by  ex- 
perience) from  the  visual  angle  and  the  supposed  dislance 
of  the  object  and  by  comparison  with  objects  of  known 
size.  If  we  are  mistaken  in  the  distmice  of  the  object,  we 
are  ofl.cn  miatiikon  in  our  estimate  of  its  size.  We  estimate 
the  distance  of  an  object  by  the  distinctness  with  which 
we  see  it,  b^  comparisou  with  objects  ot  \».ci'*i\i.  ^^Kass^ 
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and  bj  the  muacnlar  effort  we  make  in  turning  thcejee 
inward  bo  as  to  direct  them  upon  the  object.  The  ftxesol 
the  eyea  intflraect  at  the  object.  The  angle  between  the 
axes  is  called  the  optical  angle.  The  greater  the  optical 
angle,  the  less  the  distance. 

(q,)  The  more  obscure  an  object,  the  mote  distant  (and,  oooBf 
quentlj,  the  larger)  it  seema  to  be.  Hence,  the  apporenl  enonaoiu 
size  of  objects  seen  in  a  fog.  Wben  tlie  moon  appears  on  tbe  bori 
Bon,  we  Bee  tliat  she  is  beyond  all  lerrestrial  objecta  in  that  direotkii: 
and  itlie  seema  further  off  {and,  coneequenily,  larger)  tlian  when  die 
JB  overhead,  there  being  then  no  intervening  objects  for  comparisM, 
But  the  moon  ia  actually  nearer  us  when  she  is  in  the  aenith  tbun 
when  in  tbe  horizon  and  the  visual  angle  is,  coneeqnentl]',  gre&ter. 

727.  Distinct  Vision. — Thiit  vision  mtiy  be 
distinct,  the  image  formed  on  the  retina  mutt  be 
clearhj  defined,  well  iUuminated  and  of  sufficient 

si.ze. 

(1.)  The  power  of  tbu  eye  to  adjust  itself  for  distance  ia  limited. 
When  a  book  is  held  close  to  tbe  eyes,  tbe  rays  from  the  letters  an 
(o  divergent  that  tbe  eye  cannot  focus  them  upon  tbe  retina.  Thr 
jear  point  of  vision  is  geuerally  about  3|  inches  from  the  eye.  A) 
ftsrallet  rays  ore  generally  brought  to  a  focua  on  the  retina  when  tlx' 
eye  is  at  rest,  tbe  far  point  for  good  eyes  is  infinitely  distant.  Owing 
•0  tbe  small  size  of  the  pu[Hl,  mys  from  a  {<omt  20  inches  or  more 
uietarit  arc  praotically  parallel. 

(S.)  The  near  point  of  some  eyes  is  less  than  8j  inches,  while  tli« 
far  point  ia  only  8  or  10  inches.  The  owners  of  aach  eyes  are  nwr 
sighted.  In  such  eyes,  the  retina  is  to,)  far  back,  the  eyeball  beinc 
in  the   directiun  of  its  ajcia.     The  remedy  is  in  conai"i 


(e.)  The  near  point  of  t^oioe  eyes  is  abuat  IS  inches  and  the  fn' 

point  is  infinitely  distant.     The  owners  of  such  eyes  ar«  fnr-HghUi. 

"n  such  eyes  the  retina  ia  too  far  forward,  the  eyeball  being  flat 

d  in  tlie  direction  of  Us  axis.     Tin-  runiedy  la  in  convex  gU»tB 

W.)  The  eye  loses  ils  power  of  adjnatnient  with  ago,  the  crj«l»l 

"    I  lecB  losing  itae\aBV\c\\,y.   TVc  i»ai«i  ot  the  difficulty  is  dlfflsnn 

»thatoffw-*g■^lt64l»s»,^)vAflietBIJ«Al^a«a*■«Mw^  Yl 
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^■728.  Magniiying  Glasses.— A  magnifying  glass, 
^H^Bimplo  microscope,  is  a  convex  lens,  generally  double- 
ooiiTes.     The  object  is  placed  between  the  Ions  and  its 
principal  focus.     The  image  is  virtual,  erect  and  magni- 
fied (Fig.  301.)     The  visual  angle  subtended  by  the  image 
is  greater  than  that  subtended  by  the  object. 

739.  Compimiid  Microscope,— Tiio  compound 
microsco]ie  consists  of  two  or 

n 

a    tube.      One    of    these,    o, 
called  the  object  glass  or  ob- 
jective, is  of  short  focus.    The 
object,fl6,  being  placed  slightly 
beyond  the  principal  focus,  a 
real  image,  cd,  magnified  and 
inverted,  is  formed  within  the 
tube  {§  695).     The  other  lens, 
E,  called   the  eyeglass,  is  so 
placed  that  tho  image  formed 
by  the  objective  lies  between 
the  eyeglass  and  its  focus.    A 
magnified  virtual  image,  AB, 
of  the  real  image   is   formed 
by  the  eyeglass  {§   696)   and 
seen  by  the  observer.      (See 

1 

1 
1 

1 

Fig.  379.)                                                    Fic-  379- 

objectives  of  different   focal  distances,  so  tliat  a  selection  may  br> 
made  accordiiig  tii  the  niBguilying  power  reqaired.      The  pnwera 
generally  iised  range  from  .TO  lo  350  dimueiera  (i.  e..  thej  multiply 

d 

Fig.  380. 


convex  and  the  eyo-piece  is  a  double  concare  lene.     The 

eoncave  lens  intercepts  the  rays  before  they  have  reached 

Sie  f  ocns  of  the  ohjective  ;  were  it  not  for  this  eye-piece,  a 

salj  inverted  image  would  bf.  formed  back  of  the  podtiou 

f  the  concave  ions.    The  rays  from  A,  converging  after 

refraction  by  0,  are  rendered  diverging  by  O;  they  seem  to 

Hiverge  firom  a.    In  like  manner,  the  image  of  S  is  formed 

lj»ti.     The  image,  ab,  is  erect  and  very  near.     An  opaia- 

gisas  consists  of  two  Galilean  telescopes  plaoed  side  by 

|Bdo.     In  a  good  instrument,  both  lenses  are  achromatic. 

731.  Astronomical  Telescope;  Refractor.— 

Latronomieal  tclescnpes  are  of  two  kinds — refractors  and 


Fig.   jSi. 
reflectors.     Fig.  381  represents  the   arrangement  of  i 

J  and  the  direction  of  the  raya  in  the  refracting 
Weacope.  The  object-glass  is  of  lai-ge  diamet*T  that  it 
uiy  collect  many  rays  for  the  bettor  illnmination  of  lh«  1 
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I 


I  nutgnified  by  the  eye-piece,  as  in  the  case  of  the 
^tomponnd  microscope.    The  visible  image,  erf,  is  a  virtnal 
image  of  a/i,  the  real  imago  oC  AB. 

(a.)  The  tcilescope  now  balldliig  for  the  Lick  Observatory  (on  the 
Bammit  of  Mt  Hamilton,  CalifomiH,  4,400  ft.  above  the  level  of  the 
Bea)  will  be  the  Inrgest  refractor  in  tbe  world.  The  objective  is  38| 
inches  in  diameter.  Tbe  telescope  will  be  60  ft.  in  length.  The 
two  glaeaee  will  coat  ^1,000 ;  tbe  mounting  will  cost  aa  macli  more  ; 
the  dome  of  tbe  Ohservator;  will  cost  |60,000. 

732.  Reflecting:  Telescopes.— A  reflecting  tele- 
■eope  consists  of  a  tube  closed  at  one  end  by  a  conoavo 


Fig.  382, 


mirror,  so  placed  that  the  image  tbns  formed  may  be  mag- 
nified by  a  conves  lens  used  as  an  eve-piece.  Sometimea 
the  eye-piece  consists  of  a  series  of  convex  lenses  placed 
in  a  hoi-izontal  tube,  as  shown  in  Fig,  382.  The  rays 
from  the  mirror  may  be  reflected  by  a  cathetal  priem,  ma 
(§  686  [c]),  and  a  real  image  formed  at  ab.  This  image  ia 
magnified  by  the  glasses  of  the  eye-piece  and  a  virtual 
image  formed  at  cd.  Tbe  Earl  of  Hosae  built  a  telescope 
with  a  muTor  six  feet  in  diameter  and  having  a  focal  dis- 
tance of  fifty-four  feet    {Appendix  T.) 

733.  Terrestriai  Telescope.— The  mveraion  of 
the  image  in  an  astrononiical  telescope  is  inoonventent 
j(b@t)  viewing  terrestrial  objecta.    tUis  \aw««>sOT«wifc  \ 
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obviated  in  the  terrestrial  toloscope  by  the  interposition  of 
two  doable  convex  lenses,  m  and  n,  between  the  ohjectife 


^ 


Fig.  383, 
and  the  eye-pioce.     The  rays,  diverging  from  the  in\erlt'' 
image  at  I,  cross  between  m  and  n  and  form  an  erett 
magnified,  virtual  image  at  nd. 

Experiment  4. — Reflect  a  horizontal  bi'am  of  siinlig-ht  infn  ■ 
darknoed  room.  In  its  path,  placu  a  piEH»  nf  smoked  i;laBS  on  which 
fOtt  have  traced  the  rupreseotBtion  of  an  arrow,  AB  |Fig.  8B4|,  or 
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written  j-our  aiito'jTaph.  Be  sure  llint  every  stroke  of  the  penril 
has  cut  Hirongh  the  lamp  black  and  oxposed  the  glasa  beneath. 
Place  a  couves  lena  beyond  tha  pane  of  glass,  as  at  i^.  an  tiutt  »js 
that  paas  throagli  the  tranaparent  traoings  may  bo  refraoted  by  it 
aa  shown  in  the  figure.  It  U  evident  that  an  imige  will  be  farmed 
at  ilie  foci  of  the  leuB.  If  a  screen,  88,  li«  held  at  the  pomtiona  td 
these  foci,  a  and  b,  the  ima^  will  appear  clearly  cot  and  brighli  If 
D  be  held  nearer  the  lens  or  t'lmber  from  it,  «e  at  S'  at  S", 
the  picture  will  be  blurred. 

734.   Magic   Lantern. — In   the  magic   lantern,  a 

imp  is  pUiceil  lit  the  common  focns  of  a  convex  letlB  in 

\i  of  it  and  of  a  concave  mirror  behind  it.     The  light 

ooncoutrated  v\p«n  aft,  u  transparent  picture,  call»l 

A.  Byateta  ol  \«awa,  TO,Sa  "^^am^i 


bore  than  its  focal  distance  beyond  the  slide.     A  real, 
^verted,  magni0ed   image  of  the   picture  is   thus  pro- 


jected upon  the  screen,  S.  The  tube  carrying  tn  is  adjust- 
able, so  that  the  foci  may  be  made  to  fall  npon  the  SL'reen 
and  thus  render  the  image  distinct.  By  inverting  the 
slide,  the  image  is 
seen  right  side  tip. 
The   solar  and  elec- 

iie  microscopes  act 
,  nearly  the  same 
ajr,  the  chief  differ- 
ice  being  in  the 
iirce  of  light, 

(o,)  Directions 
mBking  a  Bimplo  magic  ■ 
lantern  maj  be  found 
OD  page  84  of  Mayer  and 
Bamsrd'B  little  book  on  Light.  Fig.  3B6  repreBenta  a  very  compari 
uid  efficient  lanleni,  known  aa  Marcy's  Bciopcicon,  and  fumiehed  by 
James  W.  Quum  ii  Co,  „t  Pbiladelpliia. 


I  '3SS.  Stereoscopic  Pictures. — Close  the  left  eye 

dhtdd  the  right  hand  ao  that  the  iow%.^^w£  ^o^^aS*l 
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^e  other  three  flDgers.     Without  clianging  the  position 

firf  the  hand,  open  the  left  and  cloeo  the  right  eye.    The 

hidden  lingers  become  visible  in  part.     Place  a  die  on  the 

table  directly  in  front  of  yon.     Looking  at  it  with  only  the 

..left  eye,  three  faces  are  visible,  as  shown  at  .-1,  Fig,  387. 

Looking    at    it  with    only  the 

right  eye,  it  appears  aa  shown 

at  B.     From  this  we  see  thai 

when  we  look  at  a  solid,  the 

images  upori.  the  retinax  of 

th&   two   eyes   are    different. 

WS,  in  any  way,  ive  combine  two  drawings,  bo  as  to  produce 

Fifflages  upon  tlie  retinas  of  the  two  eyes  like  those  produced 

y  the  solid  object,  we  obtain  the  idea  of  solidity.      .^^^| 

736.  The  Stereoscope. — To  blend  these  tvo^j^l 

ro,=  is  the  offirc  of  tiie  stereoscope.     Its  action  will  be 

readily  understood  from  Fig.  388.  The 

diaphragm,  jD, prevents  either  eye  from 

seeing  both  pictures  at  the  same  time. 

Rays  of  light  from  B  are  refracted  by 

the  half -lens  E'  so  that  they  seem  to 

come  from  C.     In  the  same  way,  rays 

from  A  are  refracted  by  E  so  that 

they  also  seem  to  come  from  V.     Thu 

two    slightly    different  pictures   Ihns 

seeming  to  be  in  the  same  plMe. 

same  time  are  successfully  \ 

the  picture  "  stands  out," 

Fig.  3HS,  iip|K'arance   of  solidity.      H'"l 

pictures  of  a  stertoEcopic  view  were  exactly  1 

ion  of  BoM\\-3  nQuM.Tui't^^xQi 
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737.  Polarization.— If  a  horizontal  etringj  tightly 
(irawn,  be  hit  a  vertical  blow,  a.  wave  will  be  formed  with 
vibrations  in  a  vertical  plane.  If  the  string  be  hit  a 
horizontal  blow,  a  wave  will  be  formed  with  vibrations  in 
a  horizontal  plane.  Thua  a  transversal  wave  is  capable  of 
assuming  a  particular  side  or  direction  while  a  longitudinal 
wave  is  not.  This  is  expressed  by  aaying  that  a  transversal 
wave  is  capable  of  polarization.  Polarization  of  light 
may  be  produced  in  three  ways— by  absorption,  by  reflec- 
tion and  by  double  refraction. 

{a.)  PolarlzBd  light  present*,  to  tlie  nahed  eye,  llie  saiiic  appear- 
ance OB  commoQ  llgbl.  In  polarization  Biperimentii,  two  piecee  of 
apparatuB  mnat  generally  bu  employed  ;  one  to  produce  polariaa^ 
tion ;  the  otlier  to  show  it.  Tlie  former  is  called  the  pularker  ;  tbe 
latter,  the  amdyter.  Apparatas  that  serves  for  either  of  theea  pur- 
pOBee  will  also  serve  for  the  other. 

738.  Planes  of  Vibration  in  Sunbeam.— If 

we  imagine  a  sunljeam  to  be  cut  by  a  plane  perpendicular 
to  the  direction  of  the  beam,  we  may  sup- 
pose the  aeetion  to  conaiat  of  vibratioaa 
moving  in  every  possible  plane,  as  repre- 
sented by  Fig,  389.  It  is  not  lo  be  sup- 
posed tliat  all  of  these  planes  will  intersect 
at  the  same  point.  There  will  be  many  rays 
whose  plaiiea  of  vibration  are  vertical,  many  whose  planes 
of  vibration  are  horizontal,  etc. 


Fig.  389. 


739.    Polarization    by    Absi 
tion. — If  a  sunbeam  fall  upon  a  subatsi 

wlioao  molecular  structure  allows  vibrations 
in  only  a  iiarticular  plane,  say  vertical,  the 
substance  may  be  compared  to  a  frame  with 
Tertical  bars,  aa  xftgtfce«Ti\.cOiL  Ni'j  Y\%.  "i'^A- 
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Inch  H  frame  or  such  a  fiubetance  vill  absorb  the  rays 

s  vibrations  lie  in  a  plane  that  is  horizoatal  or  nearly 

,  convert   them   into  absorbed  heat  and   tnmsmit,  ns 

►olarized  light,  those  rays  whose  vibrations  lie  in  a  plane 

that  is  vertical  or  nearly  go.     A  plat«  cnt 

ill  !i  certain  way  from  a  crystal  of  tiiur- 

iiiiiline  acta  in  such  a  way ;  it  is  called  a 

t(.itirmaliue  analyzer.    If  the  snnbeam  £al! 

upon  a  sut>stance  that  allows  vibratioua 

in  only  a  horizontal  plane,  the  substance 

may  be  compared  to  a  frame  with  hori- 

Baontal  bars,  as  represented  in  Fig.  391.     Such  a  body  will 

*  quench  all  the  rays  whose  vibrations  lie  in  a  plane  that  is 

vertical  or  nearly  eo  and  transmit,  as  polarized  light,  thoac 

rays  whose  vibrations  lie  in  a  plane  that  is  horizontal  or 

nearly  so.    The  tourmaline  analyzer  previously  used  acts 

^^n  this  way  when  turned  a  quarter  way  around. 

i 

^B    740.  Tonrmaline  Tongs. — If  these  two  frames,  or 

^bwo  tourmaline  analyzers,  be  placed  one  over  the  other  io 

H^ch  a  way  that  the  bars  of  the  second  shall  be  perpen- 

dionlar  to  those  of  the 

first,  it  will  be  seen  that 

the  first  will  quench  or 

Labsorb  part  of  the  rays, 

*hile  the  rays   trans- 

juitted  by  the  first  as  polarized  light  will  he  qneached  bv 
e  second.  But  if  the  bars  of  the  second  be  i>anilld  tn 
koBe  of  the  first,  the  polarized  hght  transmitted  by  tlif 
rst  will  also  be  transmitted  by  the  second.  This  partial 
I  total  absorption  of  luminous  rays  is  shown  easily  with 


Fig.  393. 
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plates  set  in  moyable  discs  (Fig.  392).  Light  transmitted 
by  either  plate  is  polarized  (and  colored  by  the  accidental 
tint  of  the  tourmaline).  Wheii  the  plates  are  supeqjoeed, 
polarized  light  may  be  transmitted  by  both,  or  all  of  the 
incident  light  may  be  absorbed  according  to  tbeir  relativ 
poeitione  as  above  stated. 

741.    Polarization    by    Reflection.- 

polarized  when   the    rays    whose 

vibrations    lie    in    a    particular 

plane  are  alone  allowed  to  pass. 

This  effect  may  be  produced  by 

causing  a  beam  of  light  to  1 

reflected  by  a  non-metallic  ti 

at  a  certain  angle  which  depends 

upon  the  nature  of  the  reflecting 

substance.      For   glass,    the   ray 

mnst  make  with  the  reflecting  surface  an  angle  of  35°  25'- 

(angle  of  incidence  =  54°  35'). 

742.  Malus'8  Po- 
lari  scope. —This  in- 
strument has  two  reflec- 
tors made  of  bundles  of 

glass  plates,  (An  ordi- 
nary looking-glass  is  a 
metalhc  mirror.)  Of 
thcBe.  A  is  called  the 
jiolarizer  and  B  the 
itiialyzer.  Both  reHee- 
torsturn  upon  horizon- 
tal axes ;   B  also  turns 


Fig.  303- 


POLARIZATIOtr. 

1  A  and  B  aro  placed  at  the  polarizing  angle  with 
D  vortical  axis,  a  beam  of  light  is  made  to  fall  opon  the 
olarizer  in  such  a  direction  that  the  reflected  light  will 
Bee  vertically  upward  to  B.  This  reflected  light  will  be 
lolanzed.  The  polarized  light  will  be  reflected  by  t 
bhon  the  eecond  reflector  ia  parallel  to  the  first  (Fig.  iiOa); 
ft  -will  be  absorbed  or  transmitted  when  B  ie  perpendicular 
p  A  (Fig.  394). 

(a.)  Place  B  ea  Bhown  ia  Pig,  896.     Throw  a.  besm  of  tight  npnn 

I   A.,  llie  mom  tmlng  darkened.     The  light  reflected  irom  B  will  form 

K  white  ii\Kil  upon  the  side  of  the  room.    TnrD  the  collar,  C,  bIowI) 

around.     The  spot  of  li^ht   will  move  nmund   the   aides  of   [lie 

Foom,  grudiiallj  g'^wing   funtcr.      When    C   has   been   turned  a 

I  quarter  way  around  (Fig,   394),>the  spot   haa  whollj  disappeared. 

~     laA  thin  it  grows  brighter  until  C  has  been  turned  lialt  way 

Bnound,  when  It  ia  as  bright  as  at  the  bei^iuning.     Whiui  C  bu 

Ebeen    tnrnod    tticee-quartera    amund,   the  spot   asain    disappears, 

■  •gain    nmppHBring  as   G   and  B  are    broaght    to    Ihelr    original 

V  pOBiliooa. 


743.  Double  Roft^etion.— A  crystal  of  Iceland 
spar   shows  a   very  important   effect  npon   an   iiundent 
beam.      The    retardl- 
tion  of  the  vibratioiu 
whose  plane  is  pan)- 
Ic!   to    the    axis  (the 
line  joining  the   tva 
obtnse  angles   of  the 
crystal)    is     diBbcni 
from   the  retardatioa 
of     the     \-ibrttiiMS 
'!;ine  a  iniin^ndicuLir  to  the  asia.    This  lUffef- 
ilumii^  of  vcWUs  vcodaoea  a  differenoe  in  die 
wMOn  qt  U»  Wo  eeia  (A  w.'S*.     i».\«Ms>.  A  Si^i 
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therefore,  falling  upon  a  crystal  of  Iceland  spar  will  be 
irallj  split  into  two.  producing   the  effect  kciown  as 
nible  relractioD, 


(a.)  A  Bmall  object,  bb  a.  dot  or  line,  viewed  tliroueL  ii  crystal  of 
teelalid  spu,  ttIII  genemJIv  xLow  two  imuges  tormed  bj  light  oppu- 
BLt«1f  polarized.  If  the  eje  be  placed  directly  above  tbe  dot  and 
tbe  crystal  be  slowly  turned  arouud,  one  image  knuvru  as  the  ordiontj 
image  will  remain  slationwy,  while  the  other  known  ne  the  eitra- 
ordinary  image  will  revolve  almat  It  at  B  varying  distwitje.  The 
ordinary  ray  has  a  coustaat  and  the  extraordinary  THy  a  varinble 
lodes:  of  refraction. 

(b.)  Oo  looking,  through  a  tourmaline  or  any  other  analyzer,  at 
the  two  images  formed  by  double  r«fmction,  it  will  be  found  that 
there  is  a  marked  difference  in  the  brightneHs  of  the  two  images. 
Ab  the  analyzer  ia  turned  around,  one  imuge  grows  brighter  and  the 
other  fainter,  the  greatest  brightuegB  of  one  being  simullaaeoaB 
with  the  extinction  of  tlie  other. 


Hi^  744.   Nicol'H   Prism. — One  of  the   mout  raluable 
^Hgleeee  of  polarizing  apparatus  is  Nicol's  prism,     A  crystal 


\. 


:^ 


Fig.  397. 


■ystal 

1 


of  Iceland  apar  ia  bisected  in  a  plane,  AB,  passing  through 
its  two  obtnse  angles,  as  shown  in  the  figure.  The  two 
halves  are  then  cemented  in  their  original  position  with 
Canada  balsam.  The  refractive  power  of  the  balsam  is 
such  that  the  extraordinary  ray  passes  t.brniigh  it  at  E, 
while  the  ordinary  ray,  striking  the  balsam  at  an  angle 
greater  than  its  critical  angle,  ia  tfe&ec\e4  ^  Nj-^dBSRa-wiS. 
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I 


» 


we  o^j^^l 


'  the  crystal  and  is  then  abBorbed  by  the  8i 

!  of  the  prism.    Since  the  "  Nicol "  allows 
Hitraordiiiary  ray  to  pass,  it  may  be  used,  like 
fi  an  analyzer  or  as  a  polarizer. 


(a.)  When  tbe  light  of  the  blae  skj  Ib  looked  at  tliroiif;)i  £ 
or  other  aDalyzer  (at  au  Biigulsr  djetauce  uf  90^  from  the  bod),  n 
ference  of  briglitoess  m  eimn  as  the  unalyztir  i«  turned.  Tlie  liegm 
of  difierence  between  the  maximum  aud  the  minimum  of  tight  ihiu 
Dbeerved  tueasunis  the  dogree  in  which  such  light  \b  polarised. 


745.  A  Simple  Polariscope. — Iq  the  accompany- 

in gf  figure,  B  \s  a  pile  of  six  or  eight  glass  plates  abont 
lo  cm.  square,  serving  as 
^^  a  polariaer.  A  Nicol  at 
S  serves  as  an  analyzer. 
The  Nicol  is  sapported, 
as  shown  in. the  figure,  so 
as  to  view  the  centre  of 
the  polarizer  at  the  polar- 
izing angle  of  glass.  The 
prism  should  be  mounted 
BO  that  it  may  be  liiniod  on  its  axis  in  its  Eiipport  G  ia 
a  piece  of  ground  glass  for  cutting  off  the  im^es  o( 
outside  objects.  The  object  to  be  examined  ia  placed  on 
the  glass  table  or  shelf,  T.     The  instrument  is  placei}  with 


^^    {a. 


O  facing  a  window  and  covered  with  a  clotli  to  cnt  off 

unpolurized  light. 


(ffl.)  Place  a  (hin  plate  (film)  of  mica  or  selenite  tm  the  labia,  T, 
look  throug^h  the  Nicol  while  you  turn  it  abont  on  ita  axis.    A 

utiful  diaplay  of  colors  ia  aeon,  each  reachiug  its  masimnm  taffl- 
icy,  fading  awny  aud  chaDging  to  ita  complementary  color  bb  iha 

lyter  is  turned.     The  colors  and  changes  of  color  are  doe  Id 

laterfeience  til  pol&riieil  -m^a. 


nSCAPITVLATION, 
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Recapitulation. — To  be  amplified  by  the  pnpil  for 


review. 
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OBSCURA. 


,  PHOTOGRAPHER'S. 

HUMAN  EYE  AND  ITS  ACTION. 

r  SIMPLE. 


MICROSCOPES 


TELESCOPES 


MAGIC  LANTERN. 
STEREOSCOPE. 


POLARIZATION 


,  COMPOUND. 
r  REFLECTORS. 


REFRACTORS. 


r  BY  ABSORPTION. 


BY  REFLECTION. 


Gaulsan. 
Opera  Glass. 
Astronomical 
Terrbstxial. 


BY  DOUBLE  REFRACTION. 


.  POLARISCOPES. 
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CONCLUSION 


746.  Solar  Energy. — The  work  performed  by  men 

and  other  animals  is  due  to  tlie  transformed  energy  of  food, 
"This  food  is  of  vegetable  origin  and  owes  its  energy  to 
the  solar  rays.  The  energy  of  men  and  animals  is,  there- 
fore, the  transformed  energy  of  tlie  snn.  Excepting  Uie 
energy  of  the  tides,  the  Bun'a  rays  are  the  source  of  all  the 
forms  of  energy  practically  available.  It  has  been  esti- 
mated that  the  heat  received  by  the  earth  from  the  Bun 
each  year  would  melt  a  layer  of  ice  over  the  entire  globe 
a  hundred  feet  in  thickness.  This  represents  energy 
equal  to  one  hurse-power  for  each  fifty  !ii|uare  feet  of 
Burfflce." 

747.  Dissipation  of  Energy. — "  It  has  been  seen 
that  only  a  fraction  of  the  energy  of  heat  is  available  for 
transformation  into  other  forms  of  energy  and  that  such 
transformation  is  possible  only  when  a  difference  of  tem- 
perature exists.  Every  conversion  of  other  forma  of 
energy  into  heat  puts  it  in  a  form  from  which  it  can  ba 
only  partially  recovered.  Every  transfer  of  heat  from  one 
body  to  another,  or  from  one  part  to  another  of  the  same 
body,  tends  to  equalize  temperatures  and  diminish  the 
proportion  of  energy  avEulahle  for  tninsformation.  Such 
transfers  of  heat  are  continually  taking  place  ;  and,  as  fer 

t  as  our  preaeut  knowledge  goes,  there  is  a  tendency  toward 
Isu  equality  of  tempe'catui:e,  ov,  \w  other  woi-da,  a  uuiforw 


molecnlar  motion,  thronghout  the  aniyerBC,  If  this  con- 
dition of  things  wei-e  reaehed,  although  the  total  amount 
of  energy  existing  in  the  universe  would  remain  un- 
changed, the  possibility  of  transform titi on  would  l)e  at  an 
end  and  all  activity  and  change  would  cease.  This  is  the 
doctrine  of  the  dissipation  of  energy  to  which  our  limited 
knowledge  of  the  operations  of  nature  leada  us;  but  it 
must  be  remembered  that  our  knowledge  ia  Tery  limited 
and  that  there  may  be  in  nature  the  means  of  restoring 
the  differences  upon  which  all  activity  depends." — Anthony 
^.and  Braekvtt. 


ft 


w  "748,  Varieties  of  Energ:y. — Like  matter,  energy 
&  indestructible.  We  have  already  seen  thiit  energy  may 
De  risible  or  invisible  (!.  c,  mechanical  or  molecular), 
idnetic  or  poteutiaL  We  have  at  our  control  at  least 
;ht  yarietiea  of  energy. 

(a.)  Mechanical  energy  of  position  (visible,  potenUalX 
i}>.)  MechnniRal  energy  of  motion  (visible,  kinetto). 
(t.)  Latent  bent  (molecular,  potectiaJ). 
(d.)  Sendble  heat  (molecular,  kineticl. 
{«,)  Chemical  separation  (molecular  or  atomic ;  pottntial). 
(/.)  Electric  aeparation  (probably  molBcnlai-,  potential) 
(g.)  Electricity  in  motion  (probably  molecular,  kinetic). 
(A.)  Rndiunt   energy,   thermal,   luminous  or  actinic  (molecul.ii 
kinetic). 

749.  Conserratioii  of  Energy. — The  doctrine 
that,  considering  the  universe  as  a  whole,  the  sum  of  al 
these  forces  is  a  constant  quantity,  is  known  aa  tlie  Con 
servation  of  Energy. 

o  +  6  +  e  +  d  +  e+/+ff  +  S  =  a  constant  quantity. 

This  does  not  mean  that  the  value  of  a  is  invariable ; 
have  Been  it  changed  to  other  varieties  a&boi  d.    We  have 
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seen  Heat  changed  to  electricity  and  vice  verea,  ani 

or  both  changed  to  mechanical  energy.    It  does  not  mean 

tliat  tlie  siini  of  these  eight  viiriuble  quantities  iu  the  earth 
18  constiint,  for  we  have  seen  that  energy  may  pass  from 
Buu  to  OiU'tli,  fi'om  star  to  star.  But  it  docs  mvan  that  tliE 
sum  of  al]  thoae  energies  in  all  the  worlds  that  constitute 
the  univei'se  is  &  qnantity  fixed,  invaria,ble. 

750.  Correlation  of  Energy.— The  expreesion 
Correlation  of  Energy  refers  to  the  convertibility  of  une 
form  of  energy  into  another.  Our  ideas  ought,  by  this 
time,  to  be  clear  in  regard  to  this  couvertibility.  One  hn- 
portant  feature  remains  to  be  noticed.  Badiant  enei^  can 
be  converted  iutu  other  forms,  or  other  forms  into  radiant 
energy  only  throngh  the  intermediate  state  of  absorbed 
beat 

7;>1.  A  Prose  Poem.— "A  riyer,  In  descending  from  ui 

elevation  of  7T30  feet,  generates  nil  amount  of  beat  corapeleol  to 
augment  its  own  temperature  10"  F.,  and  tbis  amount  of  lie«l  ma 
al^stracted  from  the  sun,  in  order  to  lift  tliij  mutter  of  tbe  river  to 
tlie  eleviLtiun  from  wbich  it  fnllB.  Aa  long  rs  the  rivor  continue 
on  the  beighta,  whether  in  the  solid  form  as  a  glacir^r,  or  in  tJ>e 
liquid  form  as  a  Inke,  the  beat  expended  bjtbe  sun  in  liFtiBgit 
baa  disappeared  from  tbo  universe.  It  has  been  consumed  in  the 
act  of  lifting;.  But,  at  the  moment  that  tbe  river  starts  upon  its 
downward  course,  and  encounters  the  resistance  of  its  bed,  tlie  heat 
expended  iu  its  elevation  begins  to  be  restored,  Tlie  mental  ejB, 
iudeed,  can  follo'w  tbe  eraisBion  from  its  sou  rce  through  tlie  ether, 
as  vibratory  motion,  io  tbe  oppan,  where  It  ceasea  to  be  Tibratioa. 
and  takes  tbe  potential  form  among  the  molecules  of  aqneona  vapor  i 
to  tbemountidn  lop,  where  the  heat  absorbed  in  rapotizafion  isglT«I 
out  in  condensation,  while  that  eipendeil  bj-  tbe  sun  In  tifting^ 
water  to  its  present  elevation  is  still  uunwtflrpd,  Tbis  we  find  JmW 
back  to  the  last  unit  by  the  friction  along  the  river's  lied ;  at  tt* 
^bottom  of  the  cascade,  where  the  plunge  of  tlic  torrent  is  suddetilf 
^rrcsted  ;  in  the  warmth  of  the  machinery  turn<!d  by  tbe  river  |  In 
Bllie  spark  from  tbe  mUlstoae ;  buni-.Kth  tbe  rrusher  of  th«  miner ;  ta 


Bill :  In  the  milk-dium  of  the  chalet ;  iu  the  sup' 
e  In  -which  the  mountaineer,  lij  watiwpower,  nx-ks 
All  thu  forma  of  mci:hauji:iil  motion  here  in di- 
eaWd  are  Simply  the  parcelling  out  of  an  amount  of  calorific  motion 
derived  originally  from  the  sun  ;  and,  at  each  point  at  whidi  the 
mechaniciil  motion  is  deatroyed  or  diminished,  It  Ib  the  bud'b  heat 
vhich  is  restored," — TyndaU. 
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VISIBLE    OR    MECHANICAL. 


SOURCE, 
DISSIPATION. 


INVISIBLE  Off 
MOLECULAR. 


Or  Motion,  e.  £..  Stmiit,  ttratim 
Kinctk. 

LIGHT. J  Of  Motion,  or 


GENERAL   REVIEW. 

C,}  Define  BcJence,  matter,  miiSH.  molecule  and  atom.  (6,)  Hoi 
^c«,l  and  eheinical  changes  differ*  (f.)  Ifefine  physloa. 
^%  (ii.)  What  are  chemical  and  physical  pwperties  of  matter?" 
(5.)  Define  and  Ulostnite  two  universal  and  one  characteriHtic 
propertiea  of  matter. 

3.  (o.)  Define  meter,  liter  and   gram.     (6.)  Wliat  Is   a  solid,  b_ 
liquid,  and  a  gas  Y    (r,)  Define  dynamics  and  forcie. 

4.  (a.)  Name  and  define  three  unii-s  of  fon;«.     {h.)  Give  Newton^ 
ifMoUoa    (e,)  (Jive  the  law  ot  (eftetteimrft.'uwi. 


REVIEW. 


G.  (a.)  Explain  the  parallelogram  ol  torceB,  and  [b.)  the  pol^guti 
of  forces.       • 

G,  (it.)  Dedoe  gravitatioD  and  give  iU  laws.  (&.)  Give  tlie  Lin  < 
weiglit.     ((!.}  Wliat  is  the  oentre  of  gravity,  and  how  may  il  l« 

7.  111.)   Deficrilie   Allwood'a  inacliiue.      (A.)    Uive   the   ralw 
formulas  for  talliug  bodies,     (c.)  How  far  will  a  boiiy  fall  In  Urn* 
aeuouda? 

8.  (U.)  What  U  a  pandulum  ?  l6.)  Give  Ihe  laws  of  the  penaulum. 
{p.)  How  long  must  a  peodulnm  ba  to  vibmle  10  times  a  miiiut*! 

0.  (a.)  Define  energy,  fool-poaud,  dyne,  erg,  and  Uotse-powcr. 
ill.)  Deduce  the  formula  for  measuring  kinetic  energy  wLen  wei| ' 
and  velocity  are  given. 

10.  ('(,)  Define  each  of  the  sis  traditional  ^mple  maohinra. 
Give  the  law  for  each,    {c.)  What  is  the  office  of  a  maohine !    (^J 
Discuss  the  subject  of  friction. 

11.  (a.)  Give  Pascal's  law,  and  the  rule  for  determining  lateral 
.Jquid  pressure.    (&)  Describe  the  hydrostatic  press,  and  a 
general  principle  upon  which  its  action  depends. 

12.  (a.)  StateArchimedee'  principle,    {b.)  What  la  speicificgTavitjl 
le.)  Explain  the  determination  of  the  ap.  gr.  of  a  solid  lig-bMrt 
water,     id.)  Explain  the   use   of  the  speclfifl  gravity  bulb. 
Describe  Nicholson's  hydrometiT  and  explain  its  uac^ 

13.  (a.)  A  1000  gr.  bottle  having  in  it  038  gra.  of  water,  has 
remaining  space  filled  with  metallic  sand  and  then  neighs  1136.TG. 
What  is  the  Ep.  gr,  of  the  sand  t  (6.)  Through  which  of  tite  tlin» 
kinds  of  levers  can  the  greatest  power  be  gained?  (c.)  Thmafh 
which  can  none  be  gained  1  (rf.l  Why  do  we  use  it  ?  it.)  Give  U 
example. 

14.  A  ball  projected  vertically  upward,  returns  In  16  aecotub  U 
the  place  of  projection.     How  far  did  it  ascend  T 

15.  (a.)  A  floating  solid  displaces  how  much  liquid  f  (if  is 
immersed  solid  displaces  how  much  liquid  1  (e)  A  floating  eoW 
loses  how  much  weight?  (d.)  An  immersed  si iM  loses  how  rnnfi 
weight  ? 

16.  What  is  the  energy  of  a  rifle-hall  weighing  82  grama.  Iiariag 
a  Telocity  of  213  meters  per  second,  and  striking  In  the  ceaue  d  t 
pendttlnm  of  wood  weighing  23  kilogramst 

17.  (a.)  What  is  meant  by  the  increment  of  velocity  or  gnviljl 
(b.)  How  far  will  a  body  fall  in  QJ  seconds V  (e.)  How  far  In  tk' 
trthsoeond?  (d.)  If  a  freely-falling  body  have  a  velodtyof  MS  ft 
per  second,  how  long  has  it  been  fnlling  ? 

18.  {a.)  Dedace,  itumtVeW-na  «1  liaWifeViodieB,  the fonnnli  te 


REFtSW. 

tlia  velocity  of  spouting  liquids  (o  =  8.08  y'ft).  (b.)  W\ij  mnHt  the 
unit  of  meuHiim  used  nitli  this  formula  be  feet?  (c.)  Deduce  a 
aiinilur  formula  in  whicli  tli«  meter  ia  involved  aa  tLe  unit. 

19.  Name  four  kinds  of  vat«r-wlieela,  and  describe  tlie  moat 
efficient  of  them. 

80.  la.)  Explain  tlie  action  of  the  mercury  barometer.  (Ii.)  Give 
Mariotte'a  law.  (c.l  Describe  tliu  piston  of  Spreugel's  air-pump. 
{d.)  Deactibe  the  ordinary  air-pump,     (i?,i  Explain  tlie  action  of  the   . 

21.  la.}  How  would  yon  lllustrat*  the  law  of  magnetic  attraction 
and  repulfiionV    (6.)   Give  tbe  theory  of  magnetiam.     (c.)  Es plain-  "', 
the  action  of  the  eloctropborus ;  what  do  joii  thinli  of  ita  accuracy 
and  value?    (tj.)  Eiplaiu  terroBirial  induction. 

33,  If  lUo  capacity  of  the  barrel  of  an  nir-pnmp  be  J  that  of  the 
receiver,  how  much  air  would  remain  in  the  receiver  at  tbe  end  of 
the  fourth  atroke  of  the  piaton,  and  what  would  be  its  tension 
compared  with  that  of  the  external  air  I  • 

S3.  What  is  the  preaaure  on  the  side  of  a  reHervoir  150  feet  long, 
and  filled  with  water  to  the  height  nf  twenty  feet  1 

&1.  (a.)  Why  is  a  reaervoir  ■aually  built  in  connection  with 
waterworks  7  (6.1  Why  are  fire-engines  provided  with  an  air. 
chamber?  |c,)  \Vhy  should  the  nozzle  be  smaller  than  lUa 
hose? 

25.  (a.)  Why  can  you  not  raiae  water  50  feet  with  a  common 
pump?    (6.)  What  change  would  It  be  necessary  to  make  in  Uiei^i' 
pnmp  in  order  to  raiae  water  to  that  height !    (c)  Illustrate  by  a 
diugmm. 

26.  I".)  Give  tbe  law  of  electrical  attraction  and  repulsion,  and 
'Unstrate  by  pith-ball  electroscope,  (fl )  Define  conductors  and  non 
conductors,  eloctrica  and  oon-electrica,  (c.)  Dluatrate  by  an  example 
of  each. 

ST.  {a.)  Give  and  illustrate  each  of  the  laws  of  motion,  (b.) 
B^plun  composition  and  resolution  of  forcea  with  Illustrative 
figurea. 

28.  (17.)  Give  the  facts  of  gravity  and  the  law  of  weight.  (6.) 
If  a  body  weigh  120  lbs  35110  mOes  below  t!ie  surface  of  the  earth, 
at  what  distauce  above  the  surface  wUl  It  weigh  80  lbs.  ? 

30.  Explain  and  illustrate  electric  induc^tlon  fully. 

80.  (".)  Explain  the  construction  and  action  of  tbe  electrophorus. 
What  kind  of  electricity  is  discharged  from  it  ?  (A.)  Deacrlbn  the 
I^yden  jar  and  explain  ita  action.  ',e.)  Explain  the  action  of  the 
plate  electric  machine,  (d.)  In  what  way  do  lightning-roda  protect 
buildingB? 


I 
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SI,  (a.)  IHbcuss  corefollf  Uie  redetsnee  of  ■  Galntnlc  cell. 
Deecribe  the  Voltaic  arc. 

32.  («,)  State  the  difference  between  a  magnet  and  an  elaclro 
magnet.  (6.)  Give  the  principle  on  which  tlie  telegraph  openV* 
(c )  What  is  meant  Ly  an  "  electro-negative  eabetance  1 " 

33.  ('I.)  Deacribe  Buhmkorff's  coil,  and  ifi.)  explain  its  bi 

34.  Describe  the  thenuo«1ectric  pile,  and  explain  its  us( 

35.  («.)  Give  Prof.  Tyndali's  illustration  of  the  propagation  d( 
sound,  (6.)  What  1b  the  velocity  of  Bound  in  ait!  Ic)  How  is  it 
affected  bj  temperature  ? 

30,  (it.)  Espliuo  tlie  difference  between  noiae  and  muaic  (i.l 
Name  the  three  elementa  of  a  mutual  sound,  and  stale  the  phjaiiwl 

37.  (a.)  Describe  and  explain  the  telephone.  Ib.j  Tha  phon 
graph. 

38.  (a.)  Explain  interference  of  sonnd.  (b.)  Give  the  laws  oT 
ribration  of  musical  strings,  <r.)  Give  the  nlalive  numberR  of 
vibration  for  the  tones  of  the  n:ajor  diatonic  scale. 

30,  ('!,)  If  18  scccn'ls  intervene  between  the  flnsli  and  report  of  h 
gun,  wliDt  is  its  distance,  temt>eratarD  being  SSI"  F.t  [&)  1(  h 
musical  sound  be  due  to  144  vibrations  per  second,  how  nun; 
vihrations  correspond  t«  ita  3d,  5th,  and  octuve  ? 

JO.  The  bottom  of  a  tanlc  is  100  centimetera  on  one  sidi 
meter  on  the  adjoining  side.  The  tank  Lua  a  depth  of  SO  centi- 
meters of  water,  (a.)  Wlut  is  the  preaaure  onthehotlmnl  (t.) 
On  either  one  of  the  vertical  sides  ? 

41.  ('(,)  What  is  a  borae-power?  (b.)  How  many  faMB&-paweii 
are  there  in  a  machine  that  will  raise  8250  lEis.  170  ft.  InindnuMt 
(c.)  State  the  modes  of  diminishing  friction. 

43.  What  will  be  the  kinetic  energy  of  a  25-poaiid  hkll  that  hu 
fallen  a  mile  1    (Bejcct  small  remainders.) 

43.  Two  bodies  are  attracting  a  third  with  forces  a 
the  first,  weighing  S5  lbs.,  at  a  distance  from  the  third  of  SO  feet, 
and  the  second  at  a  distance  of  'M  feet ;  what  Is  the  weight  of  tbe 
second  7 

44  How  far  will  a  body  fall  in  the  first  eecond  on  Saturn,  the 
denaity  of  Saturn  being  .12  that  of  the  earth,  und  its  diameter  htlug 
72000  miles  ? 

4.1.  ill.)  What  is  temperature  t  (A.)  Dlscnaa  the  expiinsion  uf 
water  by  heat,     (r.)  What  is  the  rate  of  guseoue  expansion  by  h«alt 

46,  (a.)  What  is  the  difference  between  evaporation  and  Lailingt 
lA,)  What  ia  the  boiling  pointy  {e.)  What  is  diatillatioB,  uid  L9« 
JBitperfonoetll 


47.  la.)  Define  latpnt,  eenalble  and  spedBo  lieat.  ft.)  What  ia  thn 
latent  lieat  of  water  and  of  Etoom ! 

48.  (a.)  Expioia  the  several  modes  of  diffusing  heat,  allowing 
Iiow  titey  diSer.  {b.)  State  and  explain  the  relation  between  the 
absorbing  and  radiating  powers  of  aoj  given  substance. 

40.  (a.)  What  is  thennodjnaniics  t  (6.)  State  the  first  law  of 
tliermodjnBraica.  (e.)  Wliat  is  the  mechanical  equivalent  of  Lea' 
in  kilogrammetara  J    (<l.)  What  does  jour  answer  mean ! 

50.  (a.)  Draw  a  figure  showing  tlip  position  of  the  parts  of  the 
eyiinder  and  steam  chest  when  the  piston  is  going  up. 

51.  (i.)  To  what  temperature  wuuld  a  cannon-ball  weighing 
150  lbs.  and  moving  11)30  feet  a  second,  raise  2(X*  lbs.  of  waltc 
from  32"  F.,  if  its  motion  were  suddenly  converted  into  heat  I  (b.) 
Explain  the  origin  and  propagation  of  sound  waves. 

63.  (a.)  Express  a  temperature  of  GO '  F.  in  degrees  ceaUgrade. 
(b.)  Name  and  describe  the  essential  parta  of  a  steaa-engine  in  theii 
proper  order.  («,)  Point  out  the  changes  in  form  of  energy  from 
the  furnace  fico,  through  a  high-pressure  engine  to  the  heated  axles 
aet  in  motion  thereby, 

63.  The  mechanical  equivalent  of  heat  being  1890  foot-grams, 
the  foot  being  equal  to  30.48  cm.,  and  the  increment  of  velocity  on 
the  earth  Iwing  S80cm.,  find  the  mechanical  equivalent  in  ergs. 
.In*.  41510858. 

54.  (ii.)  Wliat  is  the  difference  between  waves  of  sound  and 
waves  of  light !  (6.)  What  is  the  difference  between  an  athenna- 
nous  and  an  opaque  substance  f  (c.)  What  determines  the  apparent 
siae  of  a  visible  object? 

55.  (a.)  If  the  gun-cotton  mentioned  in  g  830  (a.)  he  rubbed  witli 
a  little  lamp-blacli,  will  it  be  ignited  with  more  or  less  difficulty  ? 
Wliy?  (6.)  What  is  reflection  of  light?  (c.)  How  does  it  differ 
from  refraction  of  light? 

56.  (a.)  ^ow  could  you  show  that  light  is  invisible  unless  it  en- 
ters the  eye?  (&.)  What  determines  the  apparent  position  of  an 
object?  (c.)  What  is  the  distinction  between  real  and  virtual 
images) 

07.  (n.)  Describe  and  illustrate  a  construction  for  conjugate  foci 
tn  the  case  of  a  concave  mirror,  {b.)  In  the  case  of  a  convex  lens, 
(«.)  What  is  meant  by  the  index  of  refraction  ?  (d.)  Give  the  laws 
for  refraction  of  light. 

58.  {n.j  Explain  1«tal  Internal  reflection,  ib.)  Wliat  ia  meant  lij 
dispersion  of  light?  (c|  Wliat  is  part-  specirnni  and  how  may  it 
lie  pnxluced  ?  (rf. )  What  aic  Fraunhofer's  Lines  and  what  do  thej 
Indicate !    (e.)  Name  the  prismatic  colors  i?  ot^t. 
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I.  (a.)  Why  does  a  certain  piece  of  glass  look  red  nhpn  itii 
I  heM  brrtween  a  lamp  and  the  ejet  (&.)  Why  does  It  loolt  red  whpD 
[  fbu  lam])  islietweea  the  glaap  ajod  the  eye?  (c)  Explain  theBDC- 
a  of  colors  In  the  rainbow,    (d)  What  three  claesca  of  tays  in 


I 


60.  (a.)  Describe  the  human  efe  as  an  optical  instrtunent.  [b.)TVi 
opera-glass,    (e.l  The  terrestrial  telescope,     [d.)  Tbe  stereoscope. 

01.  (a.)  Explain  polarization  of  light  by  absorption.  (b.|  B} 
reflection. 

02.  (a.)  Explain  the  action  of  the  siphon,  (h.)  Find  the  Tolutni 
of  a  balloon  filled  with  hydrogen  that  has  a  lifting  power  of  440  Iba. 
(ap.  gr.  of  air  =  U.42.    One  liter  of  hydrogen  weighs  .081)0  g.) 

6IJ.  (.'(.)  Tiie  barrel  of  an  air-pump  va  \  that  of  the  receivor ;  find 
the  tension  of  the  air  in  the  receiver  after  8  strokes  of  the  piston,  oil- 
ing the  normal  pressure  15  lbs.  and  disregarding  the  capacity  of  lb(! 
connecting  pipes-  (b.)  A  stone  let  fall  from  the  top  of  a  cliff  wu 
seen  to  strike  the  bottom  in  0^  seconds  ;  how  high  was  the  elifll 

04.  {a.)  A  ship  passing  from  the  sea  into  a  river,  discharges  4480( 
lbs.  of  cargo,  and  is  found  to  sink  In  the  river  to  the  ssme  mark  h 
In  the  SPA.  The  sp.  gr.  of  sea- water  being  1.028,  find  the  wdght  of  the 
ship  and  cargo,  (b.)  A.  body  weighing  13  lbs.  (sp.  gr.  =  I,)  is  fastened 
to  the  bottom  of  a  vessel  by  a  cord.  Water  being  poured  In  imll] 
the  t)ody  is  covered,  find  the  tension  of  the  cord. 

05.  ((t.)  A  current  of  9  amperes  worked  an  arc  electric  ligU. 
(§467.)  The  difference  of  potential  between  Ihe  carbon  tipe  » 
measured  by  an  electrometer  and  found  to  be  140  volts.  What 
horse-power  was  absorbed  on  the  arc  f  (6.)  Find  the  maximum 
weight  that  can  be  supported  liy  a  hydraulic  elevator  unneelcd 
with  a  reservoir,  the  area  of  the  pielon  being  S4  si),  fn.  and  tile 
reservoir  being  170  ft.  above  the  cylinder,  (p.)  Tho  diiftrence  be- 
tween the  fundamental  tones  of  two  organ-pipes  of  the  same  lengtii. 
one  of  wbicli  Is  closed  at  the  top,  is  an  octave.     Explain  why. 

66.  If  the  force  of  gravity  be  taken  as  080  dyltes,  and  ibi 
mechanical  equivalent  of  heat  bo  424  granimeWrs,  what  will  be  the 
Talus  of  a  lesser  culorii:  in  ergel  Ant.  41,953,000  ergs. 
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MatheniaticttI  Formula.'^. 

1  ~  8.14159.  I  Circuniferc-ncB  nf  airelo  =  jt 

Area  of  a  circle  —  -n  W.  \  Surface  of  a  sphere  — 


H  APPENDIX    B. 

^■Bolderinif. — The  tenclier  or  pupil  will  often  find  it  very  d 
mtient  to  be  able  to  solder  together  two  pieces  of  metal.  The  pro- 
oesa  here  described  ih  very  simple  and  will  answer  in  most  cases, 
A  bit  of  soft  solder,  the  size  of  a  hazlnnut,  raaj  be  had  gratis  of  an; 
good  natured  tinsmith  or  plumber.  Cut  tliia  Into  bite  tlie  size  of  s 
gjain  of  wheat  and  keep  on  hand.  Dissolve  a  teaspoonfnl  of  zinc 
cbloridfl  (muriate  of  zinc)  iii  water  and  bottle  it.  It  may  be  Inlielled 
"  soldering  fluid,"  If  ;on  have  not  a  spirit-lamp  obtain  one,  ot 
vMke  one.  A  small  bottle  (such  as  those  in  wliich  school-inka  are 
commonly  sold)  wil!  answer  your  purpose.  Get  a  Jxwrf^  fitting  cork 
and  through  it  pass  a  metal  tnbe  about  an  inch  long  and  tlie  size  ol 
an  ordinary  lead  pencil.  Through  this  tube,  pass  a  bit  ot  candle 
wicking.  Fill  the  bottle  with  alcohol,  insert  the  cork,  with  tube 
and  wick,  and  in  a  few  minutes  the  lamp  ia  ready.  Having  no« 
the  necessary  materials  you  are  ready  for  work.  For  example,  sup- 
pose that  you  are  to  solder  a  bit  of  wire  to  a  piece  ot  tinned  ware. 
If  the  wire  be  rosty,  scrape  or  file  it  clean  at  the  place  of  Joining. 
By  pincers  or  in  any  convenient  way  hold  the  wire  and  tin  together. 
Put  a  few  drops  oC  "  soldering  fluid  "  on  the  joint,  hold  the  tin  in 
the  flame  so  tbaC  the  wire  shall  be  on  the  upper  side,  place  a  bit  ot 
solder  on  the  joint  and  hold  in  position  until  the  solder  melts.  Re- 
move fmm  the  Same  holding  the  tin  and  wire  together  until  the 
solder  has  cooled.  The  work  is  done,  If  you  have  a  "  soldering- 
iion,"  yon  can  do  a  wider  range  of  work,  as  many  pieces  of  work 
ainnot  lie  held  in  the  lamp  flame 

In  soldering  eloctric  wires,  do  not  use  the  "soldering  flaid  "  above 
mentioned,  Twist  the  wires  togetlier,  heat  the  johit  in  the  lamp  flame, 
dip  it  into  powdered  rosin  and  then  into  coarse  filings  of  solder,  and 
bold  It  In  the  flame  a^n  until  the  adhering  solder  melts  and  "  roni." 
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APPENDIX   0. 

A  oopy  ol  Ihe  lecture  of  ProL   Crookea  on  "  Bad 

50  b.)  niny  be  obtained  of  James  VV.  Quekk  &  Co.,  Philadelpbii, 

r  35  ecu  IS.     Teacher  and  pupils  ahoald  eecnre  one  or  more  ooi»h. 

le  theory  and  experimeuta  are  alike  beautifal.  inTeTcsting  ind 
iDHiiuctJTe.     In  concludinj^  the  lecture.  Prof.  Crookcs  said : 

"  Id  Btudjitig  thiit  Fourth  State  of  Matter,  ire  seem  at  Ugl  U) 
have  within  our  graep  aud  obedieot  to  our  control  the  little  indi- 
visible particles  which,  with  good  warrant,  are  suppoeed  to  conBii- 
tutc  the  physioal  basis  of  the  oniverso.  We  have  seen  that,  ia  boiue 
properties.  Radiant  Mattia  U  aa  material  as  this  table,  whilst 
in  other  properties  it  slmuet  assumes  the  character  of  Radiant 
We  have  actually  touched  the  border  laud  whete  Hatter 
uid  Force  seem  to  merfre  into  one  another,  the  sliaduwy  realn 
between  Known  and  Unknown." 


APPENDIX   U. 

Prince  Rupert  Drops. — A  ueat  illustration  of  the  tmu- 
mlssion  of  pressure  by  liquids  {§  S16),  may  be  g^van  by  filling  • 
amalt  bottle  with  water,  holding  a  Prince  Rupert  drop  in  its  moatii, 
and  breakinj;  off  the  laperiug  end.  The  whole  "  drop  "  will  b« 
LStAntly  shattered  and  the  force  of  the  concussion  tmnsmitted  id 
every  direction  to  the  bottle  which  will  be  thus  broken,  Tbraa 
"  drops"  are  not  expensiTe ;  the;  may  be  obtained  from  Janiett  Vi. 
Queen  &  Co.,  934  Chestnut  street,  Philadelphia. 


APPENDIX   E. 

Difference  between  Theory  ftiid  Practice. — There- 

Bolts  mentioned  in  g  2-'>G  are  never  fully  attained  in  practice.  Onlf 
the  particles  near  the  centre  of  the  jet  attain  the  theon^tical  velocity. 
Further  than  tliie,  if  we  carefully  examine  tlie  stream  we  dujl 
notice  that  nt  a  little  distance  from  the  oilflce  the  stream  ie  not  jdot: 
tlian  two-thinis  or  1 1 iree- fourths  the  eiw  of  the  orifice,  TLia  Is  dun 
to  the  fact  that  the  lliiuid  particles  come  from  sll  sides  of  lb: 
■optnlng  and  thus  flow  in  difti'rent  directions,  I'lnning  ifross  eurresU, 
Iprhich  mny  be  seen  if  there  are  snlid  particles  fioutlng  in  the  wabV- 
iiTheso  croes  currenls  itnpedL-  llie  free  llcnv  and  diminish  the  volunu 
of  liquid  discharged.  Shnrt  cyllndrionl  or  funnel -shaijed  lubes  In- 
Orense  thK  actual  flow.     In  a  cylindrical  tube,  thia  narrowing  «f  ilm 


r  neck,  (called  the  mnn  aiatroieta).     The  pmesure  of  the  Blnioa. 

),  tending  to  prevent  tbia  IVirma.tion  of  Bucha  vacuum,  incieaaes 

b  velocity  and  the  viiliinie  of  the  dlBcbatge.     Tlie  funnel  xbaped 

B  jjreventa  the  formation  of  eroKi  eurrimU  by  JeaUiug  itiu  liquid 

B  ^laduBlly  to  the  point  of  exit. 

APPENDIX  F. 

Barker'^  Mill.— A  working  model  of  lliis  np[>aratuR  (^  S64| 
maj  bo  eaBJlj  raiule  by  ajiy  wide-awake  pu]iii.  Selecr  a  long,  sound 
lamp-chiinoef  and  a  fine-groiUL'd  cork  that  anugl;  Bta  tlia  lower  end. 
Take  a  piece  of  glaaa  tubing,  thu  eiseof  sluad  pencil,  heat  it  Intensely 
in  an  alcohol  or  g&a  flame  until  you  nielD  olT  s.  pjuce  a  little  shortur 
than  the  lamp  chimney.  By  reheating'  tbu  end  thus  closed  by 
fusion,  you  may  give  it  a  neat,  rounded  finish,  Prepaie  four  pieces 
of  gltt*s  tubing,  each  13  cm.  long.  TIipbo  pieces  would  better  bo 
mads  of  tubing  smallnr  than  that  just  need.  To  cut  the  tube  tu  the 
demred  length,  Bcratcli  the  glass  at  tho  proper  point  with  a  tri- 
angular file,  hold  the  tube  iu  both  bands,  one  band  on  each  Bi<le  of 
Ihe  mark  juet  made,  knuckles  uppermost  and  tlinmli-iiHile  toncbing 
each  otLer  at  a  poi  at  on  the  tube  directly  opposite  the  file-scratch, 
push  with  the  thumbn  and  at  the  same  time  pull  with  the  fingers. 
The  tube  will  break  squarely  'iff.  Smooth  the  sharp  edges  by  soft- 
ening in  the  alcohol  flame.  Bend  oacb  of  these  four  pieces  ot  right 
Bugles,  3  cm.  from  each  end,  iu  such  a  way  that  one  of  the  short 
arms  may  lie  in  a  horisontal  plane  while  the  other  short  arm  of  the 
same  piece  is  in  n  vertical  plane.  The  tubes  may  bo  faeily  lient 
when  healeil  red-hot  at  the  proper  points  in  the  alcohol  or  gas  flaini.'. 
See  that  the  (our  pieces  are  bent  alike.  In  the  middle  of  the  cock, 
cut  n  neat  hole  a  little  smaller  tban  the  tube  flr»t  prepared.     Near 

_  the  edg«  ot  tlio  cork,  at  equal  distances,  cat  four  boles  a  little 
smaller  than  the  four  pieces  of  bent  tubing,  Push  the  open  end  of 
the  straight  tube  through  the  middle  liolc.  From  Ihe  other  side  o( 
the  cork,  enter  one  end  of  each  bent  tnbe  into  one  of  the  four  holes. 
Place  the  cork  with  lie  five  tubes  into  ilio  ond  of  the  chimney,  see- 
ing to  it  thut  the  straight  tube  lies  along  the  aria  of  the  chimney, 
t.  e.,  thnt  it  is  parallel  with  the  sides  of  the  chimney.  Tlic  closed  end 
of  the  central  tube  abould  be  niiar  tho  open  end  of  the  lam[)-cbimney. 
In  pushing  the  tulx*  into  the  cork,  grasp  the  lube  (previously  dip- 
ped in  soap  and  water)  near  the  cork,  and  iicrew  it  in  wlih  a  slow, 
tTptary.  onward  motion.  See  that  tb<'  lient  tulH-s  are  at  right-HnRles  M> 
each  other,  liko  tiiose  shown  jn  Fi(r.  1)1.     For  a  support,  take  a  vice* 

jrtyf"  vi^^  ■nail  eiKKi{fh  to  turn  eanly  \tL  tiw  Gsa^tB^  va«i,»b&  *> 


I 

I 


little  longer  tlmn  the  chimney.     Plaiw  ore  end  In  the  middla  nf  > 
pepper-boi  and  fill  iho  boi  with  malted  lead.     This  makeaafi 
bai^e.    File  the  other  ead  of  the  wire  to  a  ebarp  pmnt.     For  a  b« 
cents,  Huch  a  wire  with  an  iron  bafio  may  Iw  liad  ready  made  al  ihc 
slationer'B.     Fasa  tlie  straight  tube  of  the  iippaTittus  over  lliia  wi 
until  the  closed  end  of  the  tabo  reals  upon  the  sharpened  point.   TLr 
ciiiiiioey,  with  ita  four  horizontal  arme,  ia  now  dellcaiely  suBjiended, 
free  to  revolve  in  stable  equllibriam.     Flace  the  uppamtna  il 
iiiiddie  of  a  tub  and  poar  water  into  the  open  end  of  the  chimin^. 
Yoar  wheel  will  worit  as  well  bh  Queen's,    The  satiuliiction  of  s 
the  machine  work  and  knowing  that  you  made  it  will  lunply  Kfty 
Ihe  iM>st,  leaving  the  inairuction  and  added  eklll  foi  dear  profit 


APPENDIX   G. 

Weight  of  Air.— (See  §  273.)  A  little  thought  concemmg  Ihf 
lull  meaning  of  Archimedea'  Principle  will  show  that  if  a  body  weigbe 
litee  than  its  own  hulk  of  air  it  will  rise  In  the  air.  Thaa,  Boap- 
buhbloH  filled  with  hydrogen  or  other  light  gas  will  ascend.  If  the 
bubble  be  made  from  hot  water  and  filled  with  warm  a 
rise ;  if  it  be  made  from  cold  water  and  filled  with  cold  air  it  will 
fall,  (Explain  why.)  The  same  principle  appliea  to  balloona, 
balloon  will  mippoH  a  wfight  tqnnl  to  the  diffireiiee  between  tA«  wij/il 
of  the  ballotm  -icUh  the  contained  gaa  and  the  weight  of  the  n 
plared.  A  liter  of  hydrogen  weighs  0.0806  g, ;  a  liter  of  coal  gia, 
from  0.45  p.  to  0.83  if.  ;  a  liter  oE  air  heated  lo  200' Centigrade,  aboin 
O.S  g.  On  June  5ih,  1783,  at  Annonay,  about  40  milea  from  Lyous, 
Francti.  the  Montgolfier  BroB.  inflated  a  linen  globe  105  feet  in  diam- 
eter with  heated  air.  When  rtleaaed,  it  rose  to  a  great  height  isd 
deacended  in  10  minutes  at  a  distance  of  H  miles.  This  was  the  dis- 
covery of  the  balloon.  Dnring  the  aiege  of  Paria  in  1870,  tbe 
Parisians  communicated  with  the  outer  world  by  means  of  ballooiiE 
about  00  feet  in  diameter,  having  a  capacity  of  about  70, GOO  CO.  R. 
Theat)  balloons,  with  net  and  car,  weighed  abont  1,000  pounds  eacli 
and  hod  a  carrying  ability  of  about  2,000  poundB.  Balloons  hsn 
been  made  about  100  feet  in  diameter,  having  a  capacity  of  about 
half  a  million  cubic  feet.  Tu  1801,  an  ascent  waB  made  to  a  htiiglii 
of  BEven  miles. 

Air  iu  motion  conatitntea  a  wind  and  has  energy  by  virtue  of 
wpielit  iind  velocity.      Winds   are   utilized   (or  tiioving  ehipa 
iliiMiiir  windmilla,  etc.     They  arise  from  atmotipheric  disturbanct* 
1-1     .-.I  liy  golarhe^t.    TV\«  euet^  ot -wxtA-'^wet  like  that  of  w 
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Atmosphoric  Pressure.— (Bee  g  375.)  Into  &  bent  ff\w» 
be,  ACB.  pour  mercury  to  a  height  of  about  20  incbee.  or  SO  em, 
'liu  mercmy  will,  of  course,  Htand  al  esactly  tbe  sauie  level,  ac,  in 
)  two  branches,  it  equBl  iiressoros  of  juiy  kiud  be  elected  upon 
!  Burfacea  of  the  mercury  at  a  anil  c,  lliis  luvel  will  not 'be  dis- 
'bod,  while  auy  difference  of  pcesaure  would  be 
promptly  shown  by  the  movement  of  the  mercury 
and  a  coDsequent  ilifferenco  in  the  heights  of  the 
two  mercury  colurans.  The  Btmospbere  presses 
upon  both  mercurial  surfaces,  at  a  and  e,  bnt  it 
presses  upon  them  eciually  and,  ihereforo.  does  not 
change  Iho  common  level.  Into  the  arm,  A,  push 
Lir-tight  piston,  p,  which  has  a  valve  oponing 
npwnrd  but  not  downward.  As  this  piston  is  pushed 
nwatd,  the  air  in  A  escapeB  tlirough  this  valve 
p  fiouUy  rests  u]>on  the  surface  of  tlie  mercury 
When  the  piston,  p,  is  subsequently  lifted  to  , 
A,  the  almoBpheric  presauro  ia  whoUy  removed  from 
the  surface  of  the  mercury  in  that  arm  of  the  tube, 
while  it  acts  with  unchanged  inteneity  upon  the  sur- 
face at  c.  The  consequence  is  that  the  mercury  fol- 
lows llie  piston  until  there  ia  a  difference  of  about 
780  tnw,.  or  30  inches  between  the  levels  of  the  mer- 
cury in  the  two  arms  of  the  tube,  ff  the  tube  have 
BOPtioQal  area  of  ono  sijuare  inch,  the  merciuy  thus 
inpporled  would  wpigh  about  15  fmunds,  and  would 
iiotly  equal  the  weight  of  on  air  column  of  the 
e  sectional  area,  reaching  from  the  apimratus  to  tl 
of  the  atmosphere. 
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Fig.  399. 
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Copper    Wire.— Copi>er  wire   is   usually   designated  by  Ua    ' 
Unfortunately  there  are  several  gauges  in  common  use,  of     i 
^hlch  the  most  important  two  are  the  English  or  Birmingham  wire      , 
jauge  (B.  W.  G.)  and  the  American  or  Brown  and  Sharpe  {It.  <6  8.) 

~  ing  numbers,  tlie  B.  W.  O.  is  a  little  la^;er      | 

n  the  £.  i£  S.     The  following  table  ol  some  of  the  more  common      ) 
ifwiU  be  couveaient  lor  TeCeienoQ-. 


AMKHICAN  WIRE    OAUQB  (B  &  8.). 


r 

DlUXTBR  m 

" 

DiAMimilK 

"^ 

L 

C1B0UU.R 

Ohhs 

to. 

UlLS. 

MiLIJ- 

MiLf. 

-f 

JB 

Uiu. 
8(1.89 

.800 

Mua. 

iaei.4 

■«""■ 

_ 
OOOO 

4fln.o(i 

11884 

auflooo 

8.817 

TO) 

4B».ei 

Kim 

ItTfflOsio 

:0B4 

90 

ai.no 

.818 

1031.5 

ia.uH 

« 

3U.8a 

o.aa 

ae.46 

.738 

8101 

h 

842-T 

U1.TIK1 

S8b!30 

ssaivLS 

m 

sa>rt' 

S1.18B 

s57.oa 

B.544 

063J3.0 

.les 

ilM'o 

£39.43 

(k»f7 

536B4.0 

irloo 

Ban.4 

ssirn 

wi.ai 

4tL4n 

ISl.M 

iosn 

33102:0 

:8sa 

Si 

U.K 

M.MI3 

latcs 

4.115 

i(1250.fl 

.an 

1M.B 

07.M 

i«.«e 

so 

ii!ae 

liS1.7 

8B.170 

:    IS&4g 

3.»H 

leanio 

ioH 

80 

je» 

1M« 

a.9m 

13004.0 

.est 

81 

Bisa 

ssn 

70.7 

lffi:4ffl 

1      101.89 

a.M 

10B8ID 

sa 

■BOS 

B».a 

170.JK 

ssai.o 

m 

.ISO 

SO-l 

St$.StI 

13     80.81 

esso.tt 

i.raa 

S4 

.180 

sa.T 

IS     n.!M 

61IH.4 

£.084 

as 

5. 81 

.148 

31.5 

«s:44a 

1       04,01 

410fl.S 

ao 

,iar 

25.0 

481 .7U 

1     57.m 

9? 

I       W.83 

4.170 

38 

1       Jfi.2B 

axsis 

S.«I9 

30 

ioDO 

12^6 

wn.oia 

lOM 

i6M.a 

11,  BIS 

J0_ 

SJH 

9.0 

lotii.wg 

SiAc  — Tbi!  second  column  glvOB  Uie  dlamotaiB  in  IhoiiBundtTiB  of  an  inch ;  Oh 
tblnl  ooliunn,  Id  inlUimolirs.  Tim  [ouitti  column  gives  tlie  eq,aivB]snt  niunbei  ol 
Hitmead]  ono  mil  in  dlunelor.  Tbo  nnmbcre  Iberain  given  antbotqauwof  Ibi 
diameteig  in  mlla,  Br  mulli  plying  Ibo  niunburs  in  ths  filtli  column  by  6.28,  IlH 
rsililancea  per  mDo  may  be  (cfuucI.  TbK  reolBianca  for  any  other  mcial  than  cop 
per  may  bo  (owvA  by  multlplylag  tbo  tCBislnnce  given  In  Ibe  (able  by  tbo  a&n 
between  tbe  epeclBc  resisuoce  of  copper  and  tbo  specific  rcnelance  of  Iho  givec 
metal.  (Sec  tabic  of  epcciSc  rcainanccB  in  Appendix  K  [a]).  The  lOHlatancu 
^iven  [d  tbe  table  are  for  ^^m  copper  ^siro  at  a  temperature  or  75°  F.  or  34"  d 
Ordinary  commen^ial  copper  wire  baa  a  condoctiTity  of  abont  9fi  or  Wpir  eeni 
Ibatofpure  copper.  Cocaequeuily,  tbo  reslBTADCCB  nf  sucb  witee  will  be  about  t 
per  cent,  grestet  tban  tboeo  given  in  tbe  table. 

STDBS'  OR  BIRMINOIUM  WlaB  GADOK  (B.  W.  Q.), 


So. 

1; 
No. 

1 

i>.A^».i, 

No. 

ao 

Dix-^oit. 

«„. 

HIU4II, 

MiLB.  1'    Mdjjx. 

Hob.      UiLuii. 

2 

i 

eo3 

9,66 

1      8 

1'   la 

li  i 

49    '           I.H 

la          0.BI 

y  nlDSbto  UUm  toi&aaiia  VutcomaUaiL. 
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APPENDIX   J. 


Tlie  Leydeil  Jar.— TIip  following  is  exlractod  (as  much  ottei 
information  in  this  volume  li&s  been)  from  Silvanue  TbompBon's 
"  Blomentar;  X^saone  in  Electricity  nod  Ma^etism  ": 

The  BiLBteDCe  of  a  fusidual  cliarge  {%  35U)  can  be  eTplained  (dtlier 
on  the  Bup|X)aitioD  tliat  the  dielectric  ia  composed  of  huterotreneom 
paxtideBwhich  have  unequal  conducting-  powers  or  on  the  bypotliesis 
tluLt  the  molecules  are  actualtj  subjected  to  a  strain  from  wbich. 
utpodally  if  the  stress  be  long  continued,  they  do  not  recover  all  at 
once.  There  is  an  analogy  between  this  phenomenon  and  thut  of 
the  "  elsstic  recovery  "  of  solid  bodies  after  being  subjected  to  a  bend- 
ing or  B  twisting  strain.  A  libre  of  glass,  fur  example,  twialed  bj  b 
L-ortAJn  force,  flies  back  when  released  to  almost  its  ori^nal  poi^litxi, 
a  alight  sub-permanent  set  remains  from  which,  however.  It  alowlj; 
re<y>vcrB  itself,  the  rate  of  its  recovery  depending  on  the  amoimt  md 
duration  of  tho  original  Iwisling  strain.  It  ia  possible  to  supeiposB 
several  residual  charges,  even  charges  of  opposite  stfins,  whicb 
apparcDtly  "soak  out"  as  the  Birained  material  gradually  recoven 
itself. 

As  to  the  preciBo  nature  of  the  molecular  or  mechanical  operationa 
in  the  dielectric  when  tlins  subjected  to  the  stress  of  electrostatic 
induction,  nothing  is  known.  One  pregnant  esperiment  of  Futaday 
ia  uf  greut  importance,  by  showing  that  induction  is,  as  he  expressed 
it,  "  an  uclioM  of  contiguous  particles."  In  a  glass  trough.  3'(Fig. 
4M|,  IB   jilaced   some  oil  ^ 

of  turpentine,  in  whlili 
are  put  some  flbres  of  dry 
silk  cut  into  small  bits. 
Two  wires  pass  into  the 
liq^uid,   one  of  which   ia 

joined  to  earth,  the  other  '  ^    ' 

being  put  into  connection  with  C,  the  prime  conductor  of  an  elec- 
trical machine.  The  bits  or  silk  cnme  from  all  partsof  the  tlqnidand 
form  a  cliaio  of  fiarticles  from  wire  to  wire,  p  top'.  On  touching 
them  with  a  glass  roil  they  resist  being  pushed  aside,  though  they 
at  once  diaperse  if  the  supply  of  electricity  ia  stopped.  Faraday 
regarded  tliis  as  typical  n(  the  internal  actions  in  every  case  of  in- 
duction arniHS  a  dielectric,  tiis  purticlea  of  which  he  siipposeel  Ut  bu 
■  polarized,"  lljai  is.  to  be  liiriipd  into  definite  positions,  each  (larticle 
having  a  positive  and  a  negative  end.  The  student  will  perceive  an 
obvious  ftnalcgj',  therefore,  between  live  i»Bi\ti"\\  o^  ■&»«  \vi*.'S«»  *■ 


^     iadoction. 

Siemens  tiM  shown  that  iho  glass  (if  ii  Leyden  jw  la  BWiKiMy 

warmed  alter  being  several  times  ra|*lly  charged  aiii)  discbuged. 

This  obviously  implies  that  molecular  ninvenient  BCcompBniee  tlie 
^m      changia  of  dielecirie  stress. 

^M     charged,  as  though  the  attraction  twtwuan  the  two  charged  eutfai** 

1                                      APPENDIX   £.                       ^^1 
■           (I.)  Electrical  Real Btance.— The  idea  implied  !n  iJ^H 

afTected  by  prcesiire,  whieh  brings  the  surface^s  into  more  intiniate 

from  infinity  to  tbo  small  fraction  of  an  ohm.     Hence,  grual  care 
Bhould  lie  esercised  in  Bplicing  two  Buch  wires,  by  seeing  that  the 
wilitact  Hurfaces  are  clean  and  that  the  wh^  are  tightly  twieled  i"- 
gether.     In  many  cases,  it  la  desirable  to  wider  the  Bpliced  wina. 

(8.)  HpeciHc  Resistaueo.— The  epeoific  re«Btance  of  a  euii- 
atance  ia  best  stated  as  the  rosiatonce  in  ahaolnle  anils  {(,  «,,  in 

TABLE  OP  8PKCIFIC  RESISTAHCKa  AND  RELATIVH  CONDDfl'lVlTlKB. 

atmsi  ASUS. 

ffiS, 

German  Silver 

SE,1'.«±w,, 

t.eoB 

m 

^^           Pure  Water  at  W  C 
^k       .Dilate  eulpburic  Add  1 

7-18    ■  I0'° 

■saa  .  10' ■■ 

^K^tuT^t  9W°  C). 
^^Kant».perduL  (at  ffl"  C) 

\          a-W    .W;              lAi*th,mm,immaM       | 
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^^V    If  the  poles  of  100  Daiilell  cells  be  connected  with  tin-foil  eheeta 
^Htt  n>.  square  jiaaled  on  opposite  fkcea  of  n  plale  of  gutta- perchu  1  em. 
^■"tlliok,  less  thun  10  coulombs  would,  pass  tlirougb  this  circuit  of  verj 
high.  reeistaDce  in  a  wUole  ci^iury. 

Those  iubatBiicos  that  possess  a  high  conducting  puwpr  for  elec- 
tricity are  the  best  conductors  of  heat  (§604  [6.]).  Liquids  are  worse 
conductors  than  the  metals  and  gasee  are  perf^  JBon-coud actors, 
except  when  Bo  rarefied  as  to  ftdmit  of  discharge  by  coavection 
throQgb  them. 

(3.)  Kffects  of  Heat  ou  Kesi stance, —The  resistanca  of  a 
conductor  is  constant  as  long  an  the  moleculBr  condition  of  the  con- 
ductor is  unchanged.  But  it  is  changed  by  heat,  strain,  tempering, 
magnetization  and,  io  some  cases,  hj  light.  The  rcBlHtance  of  metals 
increases  cotutiderablj  as  the  temperature  is  raised.  On  the  other 
hand,  the  resiHtance  of  carbon  appeaia  to  diminisli  on  heating. 
German-silver  and  other  alloys  do  not  show  so  niuch  change,  hence 
used  in  making  standard  resistance-coils.  Liquids  dial 
Inct  only  by  being  olectrolyzed  conduct  better  as  the  tempera- 
Vide,  Encyclopsedia  Britannica,  toL  viil,  p,  53  (iT'nCA 


^ttiey  a. 
^K«  rii 


(4.)  Effect  of  Jjight  on  Kesistance.— Ordinary  fused  or 

vitreous  selenium  (Chemistry,  §  160)  is  a  very  bad  conductor ;  its 
Tesistance  being  nearly  3.8x10'°  times  as  great  as  that  of  copper. 
When  carefully  annealed  (by  keeping  for  HOme  hours  at  a  tempera- 
tare  of  about  ^°  C,  just  below  its  fuaog  point,  and  subsequently 
cooling  slowly),  itasBumeflacrystalliQecondition,  in  which  its  electric 
remstance  is  considerably  reduced.  Tn  the  latter  condition,  especially, 
its  resiHtonce  is  considerably  and  instantly  leesened  by  exposure  to 
light.  Grceniah-yellow  rays  are  the  most  effective.  Prof.  Graham 
Bell  and  Mr.  Sumner  Tainter  have  devised  forms  of  "  selenium  cells," 
in  which  the  selenium  is  formed  into  narrow  etiiiJS  between  the 
edges  of  broad  conducting  platna  of  brass,  thns  securing  both  a  re- 
duction of  the  transverse  rt^istance  and  a  large  amount  of  surface- 
exposure  to  light.  The  resistance  of  such  a  cell  in  the  dark  was 
800  ohms ;  when  exposed  to  sunlight,  it  had  u  resistance  of  but  ISO 
ohms.  This  property  of  selenluni  has  beon  appliiid  In  the  construc- 
tioD  of  the  Photophane,  nn  liiatniment  whicli  transmits  munds  to  a 
distance  by  means  of  abenmof  light.  The  light  is  rellivted  to  the  dis- 
tant station  by  a  thin  mirror  thrown  Int'i  vibratiiins  by  the  voice ;  the 
beam  falJing,  consequently,  with  varying  intensity  upon  a  receiver  of 
selenium  connected  in  circuit  vrith  a  small  battery  aud  a  Bell  telephone. 
The  sounds  are  Ihus  reproduced  by  tto  vasuAvana  ol  ■O&ei  cjaiw-W™ 


^r  '^^H 


(1.)  The  Tnngciit  Gal vaiiu meter. — It  ie  not  posrabie  lo 
■lOUlke  a  galvanometer  in  which  the  strength  o!  current  shall  be  pro- 
Kportlonal  U>  the  angle  of  defleiittuii  ihroagli  ita  whole  range.     Bat  ■ 
l«iniple  giLlvanonieter  iqbj  be  made  in  which  the  Htrength  uf  Ui« 
t  ahall  be  proportiunal  to  the  tangent  at  the  aagie  ol  lieflix- 
The    tangent   gsl- 
e    form   of 
which  is   ahonn    in   Fig. 
401,  IB  sach  an  inBtrmnent. 
A  horizontal  needle(g439tl) 
□ot    more    than    an    incb 
long  ia  delicately'  suspend- 
«  of  a  gtont 
coppof    wire    hoop    aUral 
fifteen  inches  in  diameter. 
The  Bingle    cnil    or   hoop 
liemg  placed  in  the  mag- 
netic meridian,  a  earreAt 
fiomng  thnmgh  the  coii  mil 
fyflret  the   needla  UiTiniffk 
«ufA     an    angle    that    t/u 
taugent    of  the    angie   -f 
defiretiun  U  pvopartvinal  to 
the  ttrenglh  of  the  eurrent. 
' ''■■   '   '  Frir  example,  supjioBe  lluU 

a  ccrfain  baitery  gives  a.  deflection  of  15°  and  a  second  battery  givw 
a  duflection  of  80".     The  numbers  of  amperes  are  not  in  the  ratio  of 
IS  :  30  hut  in   the  ratio  of  tan  15"  :  tao  80".     The  Taloes   o(  soch 
I  tangonta  must  be  obtained  from  a  Table  of  Natural  Tangents  Iflw 
U  below),  from  which  it  will  he  foimd  that  tlie  slTengtha  of  Ibe  carremta 
■ilie  in  the  ratio  of 

aSfiS :  0JS77.  or  about  10 ;  23. 
I  known  current,  C.  givea  a  deflection  of  m  degreOB  and  ao 
)wn  current,  e,  gives  a  deftwtion  of  n  degreea,  the  valoe  of  e 
)e  found  [with  Ibe  help  of  the  table  below)  from  the  proportion 

luminiiro  (Oiemistty,  %  SMI 

.1  needle  of  the  tangent  gnl* 

But,  at  VUo  ^t**,  ttaiNs^vaw^^WOK^H'iSs  » 
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TAHLB   OF  NATTJKAL  TANGENTS. 


T^aoT. 

Aeo. 
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Am.      Tui 
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Abo. 
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TO° 

S.7B 

.OBB 

.406 

48 

MS 

as 

.488 

49 

IS 

.m 

K 

.010 

SO 

19 

ira 

S.» 

IB 

.Bsa 

ta 

a.4n 

iioc 

as 

.IS64 

K 

w 

.lis 

80 

xn 

.141 

Bl 

.601 

H 

77 

.U8 

4a 

78 

4.70 

10 

!64!l 

fi.14 

!l»4 

SI 

.era 

12 

.ttis 

K 

.TOO 

SB            i 

no 

Ol 

8S 

X 

BS 

7.B 

!7M 

ss 

8.14 

lb 

:»» 

3S 

16 

.SBT 

» 

:sio 

«              1 

88 

es 

17 

.soe 

40 

6S             1 

»0 

BS 

i4.ao 

!fi«i 

05 

87 

19,08 

Mi 

42 

«lt             i 

88 

S8.U 

.864 

4S 

:B33 

«A             B 

iS 

80 

.38-1 

.wo 

07              i 

sa 

TO 

.4M 

45 

P. 

.434 

4li 

_':'"' 

^     J^  ^ 
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^^B|(S.)  TIiC!  Sine  GnlvuiitNiivtor. — Any  senei live  gal vanomptjir, 
^^^e  needle  of  which  is  directed  b^  the  earth's  lUH^etism  and  in 
I  which  the  frame  on  which  the  coils  are  wound  is  capable  of  l>pmg 
turned  roiiad  a  central  axjs,  may  be  used  bb  a,  Bine  OalvaDomoler. 
The  coUb  are  set  parallel  lo  the  newlle  (t.  «.,.iu  the  magnetic  merid- 
ian). 'rUc  current  is  then  scut  through  the  coils,  deflrolin^  the 
needle.  I'hc  coil  in  then  turned  until  it  overtakes  the  needle  which 
once  more  lies  parallel  to  the  coil.  Two  forces  are  now  acting  on 
ihe  needle  and  baUiacing  each  other,  tiz,,  the  directive  force  of  the 
earth's  magnetiBin  and  the  deflecting  force  of  the  current  fiowinit 
through  the  an!.  At  thi»  momeni,  the  etrength  of  the  cvi-rc^  ia  pra- 
portionai  to  the  tine  of  the  itngk  through  which  the  coU  hiia  been 
turned.  The  values  of  the  mnes  must  be  obleined  from  a  Table  of 
btural  Sines. 

TABLE   OF   NATURAL   BINKS. 


(8.)  The  Mirror  Gal vauo meter. — In  this  i 
Kiy  light  mirror  of  Hilveri!d  glnsB  is  fasWned  to  the  needle  so  Ihst  a 
1  ot  light  may  lie  reflpdod  upon  a  frraduBied  scolf.  The 
slightest  molio[i  of  the  needle  is  t.huH  ma^itled  and  made  ]l|>pAreDt. 
Rg.  403  Bhoivs  tlie  njirror  galTauometer  deTiaeil  by  Sir  W.  T' 


for  BignHlliiig  tlirougli  Hubmarme  rabies.  The  magnet  oonsists  of 
ono  or  more  pieces  of  alet'l  wawli  spring'  fuetened  lo  tlie  back  o(  i 
gmall  ooncaTe  mirror  which  is  iiung  by  a  eingle  fibre  of  cocooii  silk 
within  tbe  coll.  A  carved  mognrtt,  carried  ou  a  vertical  support 
above  the  eoil,  servea  to  coonleract  the  earth's  ma^etism  and  lo 
direct  the  needle  within  the  coil.  A  beam  of  light  frnm  the  lamp 
pasHea  through  a  small  oiiening  under  tlio  scale,  falls  upon  tlw 
mirror  and  is  refluctL-d  tack  upon  the  scalu.  The  curved  mngnpl 
above  the  coil  enables  the  ojwratui  to  bring  the  epot  rif  reBectwl 
light  to  the  zero  mark  at  the  ntiddle  of  the  ecale.  A  current  paaring 
through  the  coil  turns  tlie  needle  and  its  lUirmr.thnB  shifting  tlm 
spot  of  light  til  the  right  or  left  of  the  aero  jioint.  TJie  apiinratus  ie 
wnndrously  Bensitlve,     Tim  cur nmt  produced  by  dippiiig  the  p<rfni 

:i  briiHs  pin  and  the  point  of  u  steel  needle  into  a  drop  of  snit  wMpr 
iiiJ  closing  the  estemnl  eireiiii  through  thia  instruRii.nit  eeaAa  tbe 

H  of  light  swinging  way  across  the  acale. 


Ai-PENDIX. 

,  the  coil  is  made  of  two  sepftrate  wires  wound  Bide  by  aide. 

'Q   equal   currents   aru  aent   through   these  wires  in  oppositu 

rectious,   the  needle  will  not  bo  deHi-cted.     I(  the  currenta  are 

the  needle  will  be  deflected  by  the  etronger  one  witL  a 

reeponding'  to  the  difference  of  the  Blrengths  of  the  two 

much  uned  in   "nil"  methode   of  moaeurernents. 

m  App.  M  (3).l 

APPENDIX    M. 

'  Xilectrtcal  Measurements.— The  wonderful  advance  made 
J  electrical  science  within  the  luat  few  years  is  larjtely  due  to  the 
odoptioD  of  B  system  of  exact  measurements.  In  September,  18B1, 
the  PaiiB  Electrical  CongresG.  compoacd  of  representative  electrlcianti 
of  alloonatries,  eatabliebed  a  system  of  new  (C.  Q.  B.)  electrical  units 
whjdi  are  now  generally  accepted  and  nsed. 

(1.)  Resistance  Cuils. — Wires  of  standard  reditance  are  uow 
Bold  by   Instrnment  makers   under  the  name  of  BesUtaiiee  Ootit. 
They  consist  of  coile  of  gerninn- 
BiWer  (or  Bometimes  silver-irid: 
alloy),  wound  with  great  care 
a4j^i8t«d  to   Buch.  a  length  a; 
a  definite  ni 
r  of  ohms.     In   order  to  avoid 
If-indnctioD   nod   the  consequent 
t  the  opening  or  clusing  of 
W  drcult,  they  are  wound  in  the 

r  indicated   in  Fig.  Fk;.  403. 

I,  each  wire  (covered  with  silk  or 

fflned-cotton)  being  doubled  on  itai^lf  before  being  coiled  ap.   Each 
d  of  a  coil  is  soldered  to  it  solid  brass  piece,  as  foil  1  to  ,A  and  B, 
B  and  C;  the  brass  pieces  being  themselvea  fixed  toa  block 
of    ebonite    (forming 
the  top  of  the  '■  resist- 
ance Ijijk  ").  with  suf- 
ficient room  between 
tliem  to  admit  of  the 
:ion     of     stout, 
well-iittiog   plugs  of 
brass.   Hg.  404showB 
ocomplRtp  reaistance- 
btix,  as  fitted   up  for 
aiectrical     lestlng. 


r  plaem.  Bo  long  m  tlie  plugH  remnin  in,  llie  curtent  flows 
ugh  the  solid  brags  jiieces  nod  plugs  withont  eocounteiinc  nuv 
)ua  resifltancii ;  but  whon  any  jihig  is  ri'moved.  tlie  ciureiii  rail 
friiQi  tbe  ODe  hmae  \Aeix  I'l  the  other  only  b.T  trnversitig  tliu 
^liiis  ihrown  into  oircait,  Thi'  seriiiB  of  coUa  chosen  is  uHuallj 
e  following  numbers  of  obms'  redBtance— 1,2. 2,  Ti ;  10,  30,  M, 

;  100,  200,  200,  500  ; up  to  10.000  ohms.    By  pulljog 

a  plug  nny  one  of  these  I'nn  he  thrown  into  tbe  circuit  (md 

y  desired  whole  number,  up  to  20,000,  can  be  made  up  bj'  pulling 

more  plugs ;  thus  a  reaiataJice  of  268  ohms  will  be  made  up  at 

+  50+10  +  2+1. 

2.)  measuring  External  Resistances. — (a.)  Suppose  tliat 

we  have  a  stjmdard  batter;  of  a  lew 

DanieU'a  cells,  Jtdned  up  in  circuit 

with  R,  a.  wire  of  nnknown  resist- 

auce,  and  witb  &  galvanometer,  that 

a    current    of    a   certun 

;ngth,  aa  shown  in  Fig.  405.     If 

we  remove  tbe  wire,  Jl,  and,  in  its 

place  in  the  drcnit,  sulistitute  wires 

whose  reaietaneei  we  know,  we  may, 

by  trying.  End  one   which,   when 

InterpoBctl  in  the  path  of  the  current,  gives  the  same  deflection  of 

tbe  gulvanometer  needle.     Hence,  we  shall  know  tluit  this  wire  and 

the  ODii  we  called  £  offer  equal  resiatancea  to  the  current. 

(b.)  A  rheostat  ia  a  long  thin  wire  coiled  u[ion  a  wooden  t^Under, 
80  that  any  desired  length  of  the  wire  may  be  thrown  into  the 
drouit  by  unwinding  the  proper  number  of  turns  of  wire  off  the 
cylinder,  or  by  making  contact  at  a  point  at  any  dexired  dlatance 
end  of  tbe  wire.  The  rheostat  has  been  superseded  by  the 
coils  mentioned  above. 
(b,)  The  method  eiplaiued  above  may  he  uhhI  with  any  galva- 
\r  of  sufficient  acnaitiveneBB.  but  If  a  tangent  galvanometer  is 
available  the  process  may  be  shortoand.  Suppoao  the  tangent 
galvanometer  and  an  unknown  ruaiatance,  if,  to  be  Included  in  the 
circuit,  as  in  Fig.  405,  and  that  the  current  is  xtrong  enough  to  pro- 
duce a  deflection  of  a  degrees.  SubBtltute  for  R  any  known 
reaistanco,  r,  which  will  alter  the  deflection  to  6  (iegreea  ;  then 
(provided  the  othi-r  rosiHianeea  of  the  circuit  be  negligibly  emallt  tl 
^  is  clear  that  Hinc«  the  atrengthe  of  Uie  currents  are  pmiiorllonsl  to 
and  tiin  b  respediveV^ ,  lVe^i±*.\a\iavte.,U,mtts\Mvi^«.\»apA(iY 
e  inverse  proportion'. 

(an  a  -. 


^^  cylinder 
^^^bom  thi 

^KcBiBtani 
f    (B,)T1 
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ud.)  Witli  B.  diBferential  gftlvafiometer  and  n  aet  of  Btandatd  resist- 
ia  psey  to  meaaun^  tlie  resLBf.aiiG(;  of  n  condactor.  Lei 
it  of  B  balterv  divide  into  two  brauches,  so  that  part  of  the 
It  fiows  throu^li  the  given  resistance  anii  ruand  une  set  of  coils 
of  llio  galVHUometer,  tiie  otLer  part  of  the  current  being  made  to  flow 
through  known  l^BlBtancea  and  then  round  tho  other  sot  of  cuila  in 
the  opiioaing  direction,  When  wo  have  euc^niided  in  lantching  tlie 
unknown  resiatance  by  one  etjual  to  it  from  the  Iciiown  resistances, 
the  currenta  in  the  two  hranohea  will  be  equal  and  the  needU  of  t/m 
dijfermiMal  gtUvanometer  wiU  iihow  no  defiettinn.  With  an  accurate 
inatroment,  this  method  Ib  very  reliable. 

Or  we  may  vary  the  resiatance  of  the  second  circuit  until  it  balances 
the  given  reBiatanre ;  remove  tlie  f^iven  resiataaco  and  put  known 
reEiataDC(>8  in  its  place  until  the  galvanometer  again  shows  no  deflec- 
tion. This  is  the  better  way,  as  it  gives  good  results  even  if  the  two 
coils  of  the  galvanometer  are  not  exactly  symmetrical.  (Compars 
§  177.) 


is.)  The  best  of  all  the  ways  of  measuring  resiHtancea  la.hov 

it  of  standard  resistance  coils  and  tlie  important  instrument 

a  Whentstone'a  Bridge.    ThiH  instrument  is  niprttjcnttsl  by 

■a  shown  la  Fig.  408,     The  circuit  of  a  constant  battery 

3  branch  at  F  into  two  purls  which  reunite  at  Q,  so  that 

|tof  the  current  flows  through  the  point  jtf,  the  otlii-'r  through  tile 

itJT.     Tlio  four  conductors,  A,  S,  0  and  S.  are  called  the  a?TM 

)  bridge.      The  rpfiiatanci!  of  any  three  of  these  arms  being 

I,  that  of  the  remaining  one  may  \ie  ct\w\\B.>p&,    '^Xv'sa.  "Jw^ 

If  (hat starts  from  the  liatl«Ty  armea  W.  P.-Cbb  v**'*^'^'^'*'^^ 

■■         u  cartttln  value.     T\iu  polBn^iai.  v.^  ^^^^  ««w™''^  ■*°-  '^ 


I 

I 
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upper  branch  falls  again  M>  M  mid  continaeB  to  tall  to  Q.     Tbo  po. 
tiintiiil  'if  the  luwer  branch  fallij  to  N  and  ounliDues  to  fall  ntvtil,  n 

of  the  eunie  value  as  that  of  the  upper  liranch  at  the  « 
point.  If  tlio  ratio  of  the  resistHnco  of  C  to  the  reuBtance  of  fl  H 
the  Bsme  as  ihi!  ratio  iif  iLe  reeistBDce  of  J  to  the  rcsistonee  n(  R, 
then  will  M  nnd  A*"  bo  at  oqual  iiot<intialH.  If  a  Bunsltivo  gidvBJWBi. 
elor,  placed  in  the  lirnni-h  wire  lietween  ^and  JV,  shows  no  di  " 
tion,  we  may  know  that  if  and  A' are  at  equal  potentials  nnd  thil 
tlie  refllstances  of  the  four  amis  "  balance "  bjr  being  iu. proportion, 

A:a  =  B:  D. 

For  example,  if  the  leBJ^tances,  .4  and  0,  are  (as  indicated  fn  Fig, 
407)  10  obmH  and  100  ohme  reBpeclivel;  and  tlie  reeistance  of  C  ia  U 
ohms,  the  resistance  of  1)  will  be  150  ohma, 


It  ie  usual  to  construct  Whentstone'a  bridges  vrich  some  retristanu 
coils  in  the  amis.  A  and  C.  aa  well  as  ^tli  a  complete  set  Id  iI 
ana,  B.  The  advautage  of  tills  armngement  is  that  b;  adjnsiiiig  il 
and  0  vfe  determine  the  ratio  between  the  resifrtftncea  of  B  and  fl 
and  can,  in  certain  oases,  measure  to  fractions  of  an  ohm.  Vig^iffl 
shows  a  more  complete  schenip,  in  which  resiBtances  of  10,  IQD  H 
1,000  ohms  are  included  in  the  nrms,  A  and  C. 

For  example,  aupiHise  thnt  we  have  a  wi  re,  the  resistancA  of  wUell 
we  know  to  be  between  40  and  47  ohms  and  wish  ti 
(racliou  ot  an  olini.    Insert  the  wire  at  D,    Make  the  n 
100  (dims  and  tliat  ot  C,  \0  i>\i^a.    W  lltu;  case,  D  must  be  bolancel 


b;  a  resistance  in  B,  10  liities  ns  great  as  that  of  D.  If,  on  trial, 
tLis  ia  found  to  be  AM  ohma,  we  know  that  the  resiBtance  of  D  is 
(4M  K  10  +  100  =)  46.4  ohma. 

In  practice,  the  bridge  is  not  matlo  in  the  dimnond  shape  of  the 
diagramB.  The  reeiaUnce  boi  slicmn  in  Pig.  404  ia  a  oampleto 
bridge,  the  appropriato  connectious  being  made  by  acrewa  at  varioua 
points.  In  using  the  bridge,  the  battery  circuit  Rhould  alwaya  Iw 
made  bydepreesiug  the  key,  i;  before  if,  the  key  of  the  galvanometer 
branch  is  depressed.  'Hiia  avoids  the  sodden  "throw"  of  the  galva- 
noineter  needle,  inconsequence  of  tlie  Helf-inductiun,  when  the  cir- 
cuit is  closed  <g4^8). 

Vide,  EncyclopieillB  Britnnnicn  (Otli  edition),  vol.  viii,  pp,  43  to  46. 

(3.)  Measuring  Internnl  Resistance.— The  best  way  o( 
determining  the  internal  resistance  of  a  TOliaio  cell  le  to  join  two 
similar  cfllla  in  opposition  to  oao  another,  bo  tliat  tbey  send  no  cut^ 
rent  of  their  own.  Then  mpasure  their  united  resiatanfe  (as  if  tt 
were  the  resistance  of  a  ivi  re)  as  j  ust  described.  The  resistance  of 
one  cell  will  bo  half  that  of  the  two. 

(4,}  Measuring  Electromotive  Forces.  —  The  nana] 
method  of  measuring  E.  M.  F.  iB  by  compariaon  with  the  E.  M.  F. 
of  a  Daniell  cell  (=  1.079  volts). 

(a.)  Represent  the  F..  M.  F.  of  the  standard  coll  or  battery  by  B 
and  that  of  tho  ^ven  cell  or  battery  by  X  Join  cell  X  with  the 
galvanometer  and  note  the  number  of  degrees  of  deflection  that  it 
prodaces  tbrongh  the  Teaistances  of  ttic  circulc.  Represent  this  de- 
flection by  a.  Then  add  enough  resistance,  R,  to  bring  the  deflec- 
tion down  to  b  degTeei{e.ff.,  10  degrees  loBfl  than  before).  Then 
sabstitute  the  standard  for  the  given  battery  in  tbeclrcuit  and  adjust 
the  resistancea  of  the  circuit  until  the  galvanometer  shows  a  deflec- 
tfon  of  n  degrees,  na  at  fiTBt.     Add  enough  resistance,  r.  to  bring  the 

^Kjfyetiaa  down  to  b  degrees  as  before.     £,  R  and  r  being  known, 

^^Enay  be  foimd  l^m  the  proportion, 

^^■tnae  the  realstances  that  will  produce  an  equal  reduction  of  cur 
^^H  will  be  proportional  to  the  electromotive  forces. 
^^H^)  If  the  poles  of  a  standBnl  battery  are  jolni^  by  a  long,  thin 
^^n  th«  potential  will  fall  uniformly  from  the  +  tn  the  —  pole. 
^^^poe,  by  making  cuntacta  at  onr  pole  und  nt  n  point  any  deaired 
^^^pnce  along  the  wire,  any  desired  proportional  part  of  the  whole 
^^■Uno^va  Ibrce  way  be  taken.     IVxt,  ^w^atiixsa^  ^f^.■ei.  tok^>k 
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pressible,  in  Wrma  of  linea  of  foroe,  by  the  a 
Tepresenli  a  unit  of  force  and  that  the  fnrco  scting  on  unit  qiuuitii/ 
t  nay  [xiint  variea  an  the  uiuulier  of  lines  of  force  u'liicU  jiaaa  per* 
I  peudicularly  through  uuit  area  at  thah  point.  Elucli  lino,  theretote, 
repreaenta  the  direction  of  tbe  force  and  the  namfaer  of  lines  in  unit 
I,  the  strength  of  field.     An  asHemblnge  of  suoh  lines  of  buef^  ■ 

considered  with  reterenco  to  tlieir  boimding-surtlici " 

ircu." — AiUhimy  and  Srackett. 
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lines  u(  lOMf^'   ■ 

i8CaUeUi||J 


The  Teloplionc— (See|  506.)   The  theorjthal  IhedbphTsgni 

of  the  receiving  telephone  is  made  to  Tibnite  to  and  fro  bj  the  varj- 
lug  iutensit;  of  the  magnetic  attmction  of  the  iron  core  has  lalel; 
been  queatinned,  Munj  eiperiments  go  to  show  that  the  Tailatioaa 
in  the  magnetic  intensity  of  the  iron  core  are  too  feeble  to  prodace 
each  niHshanical  effects.  It  aleo  appears  tliat  paper  and  other  snb- 
Btancus  may  replace  the  iron  of  the  diaphragm  hrthe  receiving  tele- 
phone, witiiout  destroying  the  Honnds,  and  that  the  diaphragm  maT 
even  be  removed  and  tlie  soande  still  produced  and  transmitud  lo 
the  ear.  These  bets  are  believed  to  elinw  that  the  reproduced  eiiuad 
iB  due  to  movements  o/t/te  fnoieculea  of  the  iron  core,  siioh  moleoulor 
motiooB  being  due  to  the  electric  currents  from  the  "  transmitur"  (or 
telephone  sjiottnn  to),  und  that  the  diapiirsgm  is  TalunbLe  tat  the 
purposes  of  strengthening  the  Bound  (§  GIO)  and  tmnsmitting  it  to 
the  ear  of  the  listcnt-r.  'I'lie  eoientifio  paper,  Nature^  snya  that  «ii«- 
ful  investigation  leads  to  tho  concluslun  that,  at  the  Bending  alsUon, 
the  eridencu  of  molecular  action,  though  Bnggentive,  is  liy  do  meun 
conclusive,  wiiecuDS,  at  the  receiving  station,  the  existence  of  moles- 
ular  as  well  na  mnchanicAl  action  amounts  to  dionoaatration  and  Is 
I   shown  to  be  considerable  in  amount. 

"  The  infinite  vanetieu  of  souml  are  duF  to  the  subtiic  capadtj  for 

'   compleT  motion  jiosseasedby  air  iiarticleB.     If  we  coold  see  the  dww 

of  the  air  particles  when  music  ia  executed,  it  would  lie  e,  pictaw  ol 

mathematical  exactnesa  and  infinite  complication  tliat  iiim  no  anolcie; 

i  In  anylliing  wo  observe.     It  liau  always  been  regarded  na  one  at  the 

eriouB  miracles  of  vital  structure  that  the  drnai  of  the  hunu 

au  tulte  up  so  jwrfectly  this  rapid  stream  of  intricnto  tiiotioiu  ll 

lir,  tiiousands  of  tympanums  being  affected  olilie.  whila  A* 

!e  transmit  the  tlirills  to  the  brain,  omnkening  the  same  nuudell 

IS  in  the  conscionsness  of  as  many  persons  as  oun  be  hroDgbt 

n  bearing.     Tlie  ciiain  of  elTecU  is  wonderful  indeed,  bnl  <h« 


u  of  the  teleyliui 


v>  ca  itm  living  tyi&pa 


ball  the  delioate  roHncnientB  of  wiuud.  Lut  a  word  bo  proiuiuoted 
Hr  a  peison  to  rcfieati  tlie  telephone  will  hear  and  speak  it  a  han- 
d  miles  awnj  in  a  tenth  port  of  the  lime  that  tlie  ligtener  woald 

APPENDIX    P. 

i   Phoiiwurraph.— (See  g  508.)      Thu  appeaianoe  of  this 
lent  ia  shown  in  the  accompanying  cut.  In  which  F  represents 


the  monthpieoe ;  G,  the  cjUnder  covered  with  tin-foil ;  E,  tlie  axia 
with  a  thread  working  in  A,  one  of  the  two  supports,  Tlio  mouth- 
piece, witb  its  diaphragm  and  Btjrie,  may  he  moved  toward  the 
cylinder  or  from  it,  by  irieans  of  the  supporting  lever,  30,  which 
tarnB  ia  a  horizoDtal  plane  about  the  pin,  I. 
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l  The  Sonometer.— (See  §519.)    The  sonameter  lios  may  lie 

le  by  any  carixiDter.     It  is  about  Gfty-nino  iuchi:a  long.  4 J  liiches 

He  and  if  inches  deeji.     The  ends  arc  made  of  inch  oak  boards. 

leddeeof  J^  inch  oak  boards  and  the  top  of  J  inch  [lineboarl.    The 

f  Bhonld  be  glned  on;   no  liottom  is  Deedi^d  ;   the  box  may  sit 

1  the  tabic.     Three  or  tour  ooB-lncli  holes  may  well  be 

d  in  each  eldc-piece.    Tlie  two  liridges,  sliown  at  A  and  S  (Fig. 

p),  should  be  of  very  hard  wood  and  glue<I  to  the  cover  just  47^ 

18  (130  centimeters)  B|iart.  meiiBored  from  centre  to  centre.     The 

8  may  he  such  us  are  used  on  baBs-vinlB ;  they  shouhl  be  alike 

o  rimtlar  pieces  nf  piano-forte  wire  (large  siae)  may  be  used.    Tlni 

^  may  be  stretched  b;  weights  aa  ekiVHa  Ut  ^■'a«  ^^^tQ  «t  \tj 
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tno  i^uio  string  {v^  turned  ^tk  a,  wrench  or  a  piano  taner'a  ke;. 

The  ^miliar  screw  arrangeniBiit  o(  the  bass-viol  maj  be  ueod  liiT  the 

r   porpooo.      If   piano  iriree  are  used  for  Btrings,  the   ende   must  lie 

E  lansuted  by  heating  them  re<I  hot  and  cooling  them  alowlf,  30  tltil 

y  xsay  remain  Gied  wlien  wound  around  their  fastanings.     Linn 

■hoiild  be  drawn  across  [he  top  i>f  x)ie  box,  vxactly  dividing  the  dis- 

ace  between  the  middle  of  the  bridges  (at  which  points  the  stringi 

e  supported)  into  halves,  thirds  and  quarters.     Provide  a  block 

woikI,   aliout  two  inches  wide,  4^   inches  long   and   just  thick 

ough  to  slip  between  the  strings  and  the  top  of  the  hat.    (See  ~ 

9.) 
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Differential  Therniomcter.^8ee  g  547.)  Prepaie' 
boHrdf,  each  fi  y  T  inchea  and  an  inch  tliiuk.  Place  them  upon 
parallel  to  each  other.  7  inches  apart.  Connect  the  iKMtrda  bj 
nailing  to  their  tops  two  tliln  strips,  each  an  inch  wide  and  9  inclieB 
long.  The  strips  will  be  3  incliea  apart.  This  is  our  stand.  For 
the  two  bulbs,  use  two  tin  oyster  cans  with  flat  sides.  Tn  the  ccintre 
of  one  end  of  oacli,  solder  a  tin  tttbe,  1)  Inches  long  and  |  of  an 
inch  in  diameter.  Take  a  30-inch  piece  of  gtaes  tubing  that  will 
slide  easily  within  the  tin  tubes.  Bend  it  at  right  angles,  12  inches 
trom  each  end,  like  the  tube  shown  in  Yig.  SSO.  Color  a  little 
alcohol  with  red  aniline,  and  pour  into  the  bent  tube  enough  to  Gil 
an  inch  or  two  above  each  bend.  Over  each  arm  of  the  beat  tube, 
pass  an  inch  of  snugly-Gtting  rubber-tnbing  and  alide  it  down 
about  8  inches.  Pass  the  arms  of  the  glass  tube  np  through  the 
Un  tulfes  of  the  inverted  cans  as  far  as  they  will  go,  Slide  the 
robber-tubing  upward  to  make  air-tiglit  juinis  between  the  glass 
and  the  tin  tubes.  Pkce  the  cans  upon  the  horizontal  strips  of  the 
frame  already  made,  aJlawing  the  glass  tube  to  hang  between  this 
boards.  The  level  nf  the  liquid  in  either  arm  may  be  nmrked  by  ■ 
thread  or  rubber  band  thut  may  be  inoved  up  or  down. 

APPENDIX    S. 

Cnt-oif  Gngilies, — With  a  plain  slldinf;  valve,  like  thai 
■  soribed  in  g  037,  the  stenm  presaure  is  evidently  thy  same  at  tlie 
[It  the  lieginuiug  uf  thu  utrokc  of  the  piston.  But  tlw  greatest 
)■  of  operation  is  attained  when  the  steam  \s  so  naed  tbal, 
"'liCN  rlpi?  piston  I1B8  reached  the  eud  of  its  stroke  and  the  exhaust 
opened,  tlie  Bt«nm  pteBB\uB\6\iM,\\«CvB\\  »».i  «.bove  that  ol 
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the  atmosphere.  To  secare  this  economy,  the  Cut-off  Engine  has 
been  devised.  Here,  the  steam  is  not  admitted  to  the  cylinder  daring 
the  full  travel  of  the  piston,  but  is  cut  off  at  an  earlier  or  later 
point  of  the  stroke,,  the  steam  already  admitted  expanding  with 
decreasing  pressure  to  the  end  of  the  stroke.  The  engine  may  be 
built  so  as  to  cut  off  at  a  certain  fraction  of  the  stroke,  as  three- 
fourths,  obtaining  the  benefit  of  the  expansion  of  the  steam  for  the 
remaining  one-fourth.     This  arrangement  is  called  a  fixed  cut-off. 

But  in  many  cases,  the  power  required  is  frequently  varying  with 
the  nature  of  the  work,  and  the  point  of  cut-off  best  adapted  to  one 
load  is  unfitted  to  another.  Hence,  the  desirability  of  being  able  to 
shift  the  point  of  cut-off  to  an  earlier  or  later  part  of  the  stroke. 
Many  devices  have  been  brought  forth  to  secure  this  object.  If  the 
shifting  be  done  by  hand,  the  arrangement  is  called  an  adjustable 
cut-off;  if  it  be  done  by  the  governor,  the  arrangement  is  called  an 
automatic  cut-off, 
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Telescopes. — (See  §§  731  and  732.)  In  estimating  the  efficiency 
of  a  telescope,  the  illuminating  power  must  be  considered  as.  weU 
as  the  magnifying  power.  The  brilliancy  of  the  image  depends 
largely  upon  the  diameter  of  the  object-glass  or  reflector.  It  is 
evident  that  of  two  telescopes  having  equal  magnifying  power,  the 
one  that  has  the  larger  **  aperture  "  will  receive  and  transmit  more 
luminous  rays  and,  hence,  cause  the  image  to  be  better  illuminated 
and  more  distinct. 


NUMBERS  REFER  TO  PARAGRAPHS,   UNLESS  OTHERWISE 

INDICATED. 
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Aberration,  Chromatic,  711. 

"         Spherical,  698.  [398, 

Abreast  method  of  joining  voltaic  cells, 

Absolute  electric  units,  320. 

magnetic   "    450,451. 
pitch  of  sound,  523. 
units,  68,  154,  450,  451. 
zero  of  temperature,  558. 

Absorption  and  radiation  of  heat  and 
light,  721,  722 ;  Absorption  of  heat,  618. 

Accordeon,  535  (a). 

Achromatic  lens,  712, 

Acoustic  tubes,  495. 

Actinic  rays,  719. 
Adhesion  defined,  46. 
Aerial  ocean,  271. 

Aeriform  body  defined,  57,  61. 

Aether,  608. 

Affinity,  Chemical,  633. 

Air-chamber,  297. 

Air-'jump,  288-293. 

Air,  Weight  of,  272. 

Alphabet,  Morse's,  445. 

Amalgam,  302  (a). 

Amalgamating  battery  zincs,  388. 

American  wire  gauge,  App.  I. 

Ampere,  385. 

Ampere-volt,  475. 

Amplitude  of  vibration,  140,  481,  493. 

Analysis  of  light,  700-703. 

*'  sounds.  Exp.  16,  p.  404  ;  529. 

Analyzer  of  polariscope,  737  (a). 
Aneroid  barometer,  280. 
Angle  of  incidence,  97. 
Anion,  ^n. 
^axjuncwtors,  444.  \ 


Anode,  4x1. 

Apparent  direction  of  tx>dies,  659.    ' 

Archimedes'  principle,  238-239. 

Arc  lamps,  467. 

Armatures  for  magnets,  424,  449,  464. 

Arrangement  of  voltaic  cells.  Best,  4t^ 

Artificial  magnet,  310,  424. 

Ascending  bodies,  132. 

Astatic  galvanometer,  418. 

"       needle,  439  (a). 
Astronomical  telescope,  731, 732. 
Athermanous,  617. 
Atlantic  cable,  359,  360. 
Atmospheric  electricity,  365-370. 

"  pressure,  273,  275,  277. 

Atom  defined,  6, 
Attraction,  Capillary,  235. 

Electric,  303,  321  (a). 

Forms  of,  7. 

Magnetic,  427-449. 
Attwood,  122. 
Aurora  borealis,  370. 
Australis,  The  Aurora,  370. 


(( 


Balance,  175. 

"        False,  176. 
Balloons,  App.  G. 
Barker's  mill,  264,  App.  F. 
Bar  magnet,  424. 
Barometer,  274,  278-280. 
liaroscope,  281. 

Battery,  Best  arrangemement  of,  4.- 
"       Brush,  415  (d). 

Faure,  415  (a). 

Galvanic.     (See  Voltaic.) 

\w\.cw%\tY,  4,00  (^). 


i( 


^^^^^^^^^v                        ^^^^^^^1 

BMtety.  Uydeti,  358. 

Cells.  Voliaio.  Best  .minBemeol  of,  «<.>.            J 

"       of  high  rcBislanse.  399. 

■■         "        Varieties,  ,»=-3,7.           ^^ 

Centrifugal  force.  74,  77.                      ^^^1 

"       QuHpHty,  4oo(*). 

C.  C.  S.  nnlts.  69, 154.  450,  4a>.            ^^H 

rhinges.  Chemical.  .1.                        ^^M 

-       Semodaty,  4.5. 

■■       ofcondiilonofmiU.e,,„.     "^H 

'■       VolUiir,  398^0.. 

"        Physiad,  10.                              ^^ 

"       dius,  Amalgimatlog,  jSi. 

Characteristic  properties,  19,  at. 

Beuh  of  light,  648. 

ChflTiirterislics  of  maRnets,  428. 

Beats,  s.«,  sir 

Charge,  Resi.lu,l,3iS;  App.]. 

Charging  with  electricity  by  cooduc- 

Bellows,  Hydjostalic,  «3. 

Charging  wilh  electricity  by  contact, 

Bern  levers,  .73. 

Best  ■mngement  of  toIUIe  cells,  ,<h. 

Charging  with  electricily  by  indactlou. 

Bi-DhromHte  of  puUSBlum  cell  m  tm.t- 

Chemical  affinity,  C33. 

"         changes,... 

elTccts    ol    electric    current, 

BUke  tnu^mitler.  ^. 

Blind  spot  of  eye,  j^. 

properties,  15.                             ^^ 

Boiling-point,  544.  366-575, 

unit  of  matter,  6.                   ^^M 

Bonalts,  The  Auroi.,  jjo. 

Chromatic  ahernUiDn,  7».                   ^^^M 

Bteiist  wheel,  i6i. 

Circuit,  Electric,  joj.                            ^^^| 

Biittlenes;  deEned,  tq. 

Cl«i<,Det.53s(a).536.                            ^^ 

Broken  magnels,  43Ck 

Clouds,  Klectrtaed,  jfis-jfiS. 

Brown  A  SbBTpe  wire  B»UBe,  App.  I. 

Coercive  force,  415- 

Bru5libattery,,,5(^). 

Cohesion  defined,  46. 

■■     dynimo,  46s. 

Coils,  InducliOE,  457-460- 

"     lijipa,  467. 

'■     Resistance,  App.  M  (.> 

cell  ot  bUIeTV.  397. 

Burglat  nlHoii,  Electoc,  444- 

■'     Secondary,  457. 

B.  W.  G.,  App.  I. 

Coincident  waves,  511. 

Color  blindness.  7^5. 

"     of  bodies,  70s. 

Callaud  cell  or  battery,  395. 

Colors,  by  poUiized  light.  745  (a). 

Olorie,  47I.S79' 

Ciloresecnee,  718  (")■ 

•■       ofthesky.  7t,s{c). 

Calorific  powers.  63*. 

"       Prlamadc,  700. 

Corahs,  H4. 

Corner,  obsoum.fljo. 

■Commercial  efficiency  of  dynamo,  Ei 

4,  p.  366. 

Candle,  St«nd»rd,Bi.s,  p.  48J. 

CommuoicatinE  vessels,  .34. 

CapMily,  Dielectric,  35=  (*1. 

Compass.  309,  435  (a). 

■'    How  measured,  App. 

M(5). 

0«pillBry  «tlnu:(ioo,  J3S 

phenoraenm,  336. 

••  white  Light,  70,.           ^H 

Cktbdal  prism,  686  (cl. 

Compound  machines,  111.                     ^^^^1 

CUhlon,4... 

tones,  jag.                            ^^^1 

{■^■aiil^H 

^^^^V                                      ^^^^^H 

HherKT,  Types  of.  ■!»- 

Force,  F.  P.  S.  unit  of. «.         ^H 

■      "        V.ri.Uaof.7,a, 

■■      Gravity  tinitoCe?.        ^H 

Engine,  The  steam,  fijj^M. 

EnKliihin«Bu«s,s3. 

Equator,  Magnclii:,  416. 

□r  gravity  nsolred,  '9*^^| 

Bquilibnnl,  86. 

'■      Tube  of,  App.  N.             ^^ 
Ko™9.CompoaHnonot».. 

'-      Graphic  represenlallon  of.  &, 

SQuipotcntLilaiirncv,  339  {tx}. 
Enc  defined,  .54- 

Ether,  60B. 

Erapomiion.  36*.  j6i- 

"       Paiidlognuo  Df.  ta. 

■■      Hsnlleloplpedof.ga.      ^^ 

Eipwislon  by  heat,  548-557- 

-      Polygon  Of.  Sg.              ^M 

Extension  de&ned.  3:>. 

Eitra  current,  458. 

•■      Triaugle  of,  87.              ^H 

Bye,  The  humno.  7'4~?'J- 

Forms  of  attraction,  7.                ^H 

L 

F.  P.  5.  unit  of  forre.  6B.          ^H 

I'-rauuholer'a  tinea.  703.             .^H 

■  FalUnR  bodies,  t.9. 

Freezing  miiturei,  jM.            -^^H 

■'        Uwsof,.,.}. 

poi-C  M^                   ^H 

Fall  of  electric  potentiat,  g84- 

Friction,  >t>-i<4.                       ^^1 

False  balance,  17a. 

-       develop*  bett.fi.»     ^H 

Farad,  3S9. 

Frictional  eledridly.  3=<^TfH,i^M 

^  Faiaday'a  bag,  Exp.  30,  p.  eij. 

Fuel.  64.  (-)-                             ^H 

^                  ca«e.  M'  (i). 

^n^Te  battery.  415  fjt). 

Fu^g  point,  s&i.                       ^H 

FVleld,  Maenetic,  43?. 

^       "     of  force.  App.  N. 

Galileo,  ..,,730.    "                   ^1 

Fife,  536. 

Fire  alarms.  Kleclrio,  444- 

Galvuii'b  ciperlraent,  408.         ^^| 

Floahne  bodies,  143. 

Flow  of  liquids,  S54-SS9. 

Differential,  Alj^H 

Fluid  defined,  60,  6.. 

Mirror.  Api.L^^ 

"     displaced  by  Imnieraed  solid,  U7. 

Potential.  App.  M  (v\ 

Sine,  App.  L  (.>. 

Flute.  536. 

Tangent.  App.  LW. 

Fly-wheel,  ejg. 

Gamut,  5=..              ' 

Focoa,  Dark.  7=0. 

Gas  defined,  j8. 

■■      ofhcat.(«o,6!... 

Gases,  Kinetic  theory  ot,&i. 

'■      "  light,  664.  666-6«l,  689-6). 

■■      Specific  grarity  of,  ^. 

'■       '■  sound,  y,,. 

■■     Tendon  of,  ta.:,«5,=d=-.e^5» 

_  FootiH>und  deBoed,  ,53. 

"      Type  of,  S70, 

Gauges,  Wire,  App.  I. 

■fonw,  AbBohite  unit  of,  6B. 

Geissler'a  lubes,  Bxp.  70.  P-  "49- 

^■"      Centrifugal,  ,4,  77. 

^■r      C.G.  S..anitof,69. 

Gore's  railway,  Eip.  74.  p.  .79. 

^^B*      Constant,  iiB. 

Governor  for  ateam  engines.  639. 

^■1       defined, 

^^H      Eieine4itsofa,6s. 

Gram  defioed,  36. 

^B     Field  of,  App.  N. 

GnrUalioD  ibiGned,  98 ;  Lam  of.  m 

tlydiostatic  bellows,  aaj.                     ^^^^B 

G«vltr  cell  or  tattary,  3,5. 

'■          paradox,  aag.                               ^ 

'■      Cenlre  o(.  107-.11.. 

pre«^  ==3.                                       ^ 

"      defined.  ,„. 

1 

•■      Forte  of,  reaolvcd,  xng. 

Ice,  Heal  equivalent  ol  fusion  of.  593. 

"      Spedfit,  =..-^53.  ' 

Iceland  spar,  743. 

"      unit  of  fo.ge,  67. 

Images.  Construction  for,  661,  670, 673, 

Gitnet  call.  39a. 

693. 

Grose's  cell  PfbnHery.  3^ 

■■       Inverted,  6so,«7=,  674.  694.695. 

Gullir.  S18. 

'•       Multiple,  663. 

•■      ProjeciiDO  of,  671,  694,  695,  734. 

HtlocB,  714. 

'•      Real,  flV«7'.  694,  69s.  734- 

HudntsB,  .7. 

•■      Virtual,  (,6^  673.  675.  ^,6,  697. 

H«p,  S.8. 

Head  of  liquid;,  ijf. 

Incidence,  Angle  of,  97. 

Heat,  Absrinilion  of,  711,  799. 

Inclination,  Magnetic,  4,0. 

"      CoodgctlOQ  of.  60J. 

Inclined  plane,  .98-304. 

"     ConvBclionof,6ofi, 

"     defined,  sa8. 

Increment  of  velocity.  ..7. 

"     OlOii^on  of,  fea. 

"     Efied   DQ    eleotricaJ   reaiatance. 

App.  K  (3). 

Indeiofreftaction,  678, 

"     equiTnlenlof  ehamical  union,  63,. 

Induced  eloelricity,  311.  37,,  456-469. 

Inducdon  coiK  457-4^. 

"       "    o(vBpariiattanotwaler,s94. 

Induction,  Electro-dynamic,  45^4«9- 

"     from  McdoD,  639. 

■'    static,  333-335,  App.  J. 

Magnatic,  435,  43S- 

*■      Lilent,  583-595- 

Inertia  defined,  3S. 

Insulators,  334. 

*■      Mochanicl  equlv-leBt  of,  631. 

Intensity  of  electric  cnmnl,  sBj.  3*7  (a). 

"     Obscuie,  617. 

■'  light,  *54, 

■'        "  sound,  493.  494. 

*•     ReflocUon  of,  6.9. 

Interference  of  Itght  713. 

'•  sound,  51s. 

"     Sensible,  58.,  jBa. 

Intermitteni  springs,  30.. 

"     Sp«ific  596-&.. 

Internal  reflection  of  light,  681. 

"    uni'.  SJ9- 

resislnnee,  3B3.  109,  400. 

He»UnBpt.were,ti3«. 

lo-etted  images,  650,  67a.  674.  «!M.  «9S. 

HeJlo«.U,655. 

Invisibility  of  light.  658. 

Helix.4i>(*),4*=. 

Ions,  ,11. 

Heboholli's  reamuors,  5,4.  5,,  („). 

HoUow  conductors,  „7. 

Holh  electric  machin.^  3,3,  349. 

Jar,  Leyden,  353-357. 

Joining  voltaic  cells,  398-4«. 

Joule.  Tlie,  471. 

Horw-slioc  magnet,  4u,  443. 
Human  eye,  714-7:7. 

Joule's  equivalent,  631,  633, 
"       bw.  47'- 

Hydraulic  motors,  384(B). 

■<.,„. " 

Hydromeler,  :.49^sj. 

Kathode,  411. 
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Kinetic  energy,  Formula  for,  157. 
^*       theory  of  gases,  63. 
"       unit  of  forces,  68,  69. 


Lamps,  Electric,  466,  467. 
Latent  heat,  583-595. 
Lateral  pressure,  230,  331. 
Leclanche  cell  or  battery,  393. 
Lenses,  687,  7x3. 
Leslie's  cube,  6x9,  633. 
Lesser  calorie,  47X,  579. 
Lever,  Classes  of,  X69. 
"      Compound,  178. 
"      defined,  168. 
"      Laws  of,  170. 
Leyden  battery,  358. 

jar,  353-357;  Ex.  II,  p.  353;  Ap.  J. 
"*■  and  bells,  Exp.  42,  p.  341. 
Lifting-pump,  294. 
Light,  Absorption  of,  721,  722. 
**     Analysis  of,  700-703. 
*'      Composition  of  white,  704. 
**     defined,  644. 
"      Diffused,  657. 
"      Dispersion  of,  701. 
"      Effect  on  electrical   resistance, 

App.  K  (4). 
'*     Electric,  720. 
"      Homogeneous,  713. 
Invisibility  of,  658. 
*'      Polarization  of,  737-747. 
**     Radiation  of,  721,  722. 
"     Rectilinear  motion  of,  649. 
"     Reflection  of,  655-675. 
"     Refraction  of,  676-719. 
'•     Synthesis  of,  704. 
'*      Velocity  of,  653. 
LlRhtning,  368  ;  rods,  369. 
Line  of  no  variation,  44X. 
Lines  of  force,  App.  N. 
Lines  of  magnetic  force,  433. 
Liquid  defined,  55,  61. 

*'       rest,  Condition  of,  33a. 
Liquids,  Equilibrium  of,  333.  [259. 

"        flowing    through    pipes,    357, 
*'        In  coinuiunicating  vessels,  234. 
'*        Incompressibilityof,  315. 
Spouting,  254-256. 
^er  definetl,  29. 
idstone,  see  lodestone. 
U  action  in  batteries,  388. 
Bstone,  310,  433. 


4i 
i( 

« 

ii 


Long  coil  electric  instruments,  403. 
Loudness  of  sound,  49^ 
Luminiferous  ether,  608. 
Luminous  bodies,  645. 

^^ts   of  electric  current 
407. 

globe,  Exp.  68,  p.  348. 

jar,  Exp.  66,  p.  347. 

pane,  Exp.  67,  p.  348. 

spectrum,  7x7. 

tube,  Exp.  68,  p.  348. 

HI 

Machine  cannot  create  energy,  164,  x6s 

"       defined,  X63. 

"        Laws  of,  X67. 

"       Uses  of,  166. 
Machines,  Compound,  six. 

"         Electric,  343-349. 4^5. 
Magic  lantern,  734. 
Magnet,  Artificial,  3x0,  424. 
Broken,  430. 
Electro-,  307,  443-449. 
How  made,  448. 
Laws  of,  429. 
**       Molecular  changes  in,  453. 
Natural,  310,  423. 
Permanent,  308. 
Temporary,  307. 
Magnetic  attraction,  427-449. 
charts,  441  (^z). 
compass,  309,  439  {a). 
curves,  433. 
declination,  441. 
effects   of    electric  current, 

4x6. 
equator,  436. 
field,  433. 
force,  lines  of,  433, 
inclination  or  dip,  440. 
induction,  435,  436. 
meridian,  441,  App.  L  (3). 
needles,  4x7,  439. 
neutral  point,  436. 
poles,  426,  438. 
retentivity,  425. 
"         screens,  432. 
"         substances,  431. 
'•  units,  450. 

"         variation.  441. 
Magnetism,  307,  423-4SS. 

and  enei^y,  455. 
Distribution  of,  426, 
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Parallelogram  of  forces,  8a. 
Parallelopiped  of  forces,  90. 
Pascal,  217,  218,  221,  376. 
Peltier  effect,  422. 
Pencil  of  light,  648. 
Pendulum,  Compensation,  149. 

Compound,  138. 

Cycloidal,  144. 

Electric,  304,  323  («). 

I-aws  of,  143, 145,  146. 

Motion  of  the,  139. 

Real  length  of,  X42. 

Simple,  137. 

The  second's,  147. 

Uses  of,  X48. 
Percussion  develops  heat,  628. 
Permanent  magnet,  308. 
Persistence  of  vision,  725. 
Philosophy,  Natural,  defined,  12,  162. 
Phonograph.  508,  App.  P. 
Photographer's  camera,  723. 
Photophone,  App.  K  (4). 
Physical  change,  10. 

properties,  14,  15. 
science,  9. 
unit  of  matter,  5. 
Physics  defined,  12,  162. 
Physiological    effects   of  electric  cur- 
rent, 409. 
Piano,  518,  523  {h)  ;  Exp.  16,  p.  404. 
I'ipes,  Musical,  531-536. 
Pitch  of  sound,  496-499. 

"      "      "        Absolute,  523. 
Plane,  Inclined,  198-204. 
Plate  electric  machine,  344,  345. 
Plating,  Electro  ,  412. 
Pneumatics  defined,  268. 
Pointed  conductors  of  electricity,  342. 
Polariscope,  742,  745. 
Polarization  colors,  745  {a). 

Electric,  332,  336. 

E.  M.  F.  of,  414. 

of  batteries,  389. 

of  light,  737-747- 
Polarizer,  737  ia). 
Poles,  Electric,  738, 

"      Mafineti(',  426,  438. 
Pitlvgon  of  forces,  89. 
I*orosity  tlcfined,  42. 
l*orte-luraiere,  655,  note. 
Positive  (  +  )  electricity,  317. 
Potassium  di-chromate  ceW  ot  baXX-tr?, 
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Potential,  Electric,  326,  3a7-33o>  384. 

**        galvanometer,  App.  M  (4c) 
Power  defined,  755. 

**      Electric  transmission  of^  474. 
Press,  Hydrostatic,  223. 
Pressure,  Atmospheric,'  373, 275, 277. 

**         Downward,  335,  336. 

'*        Gaseous,  63,  369,  283-487. 

*'         Lateral,  330-231. 

•*        of  vapors,  568. 

**        Transmisskm  of,  by  liquid^ 

3X6. 

'*         Upward,  327,  338. 
Priinary  coils,  457. 
Prince  Rupert  drops,  App.  D. 
Principal  axis,  664,  688. 

'*        focus,  664,  666,  689. 
Prismatic  colors,  700. 
Prisms,  686,  7x8,  719, 744, 
Projectiles,  133, 

Path  of,  135. 
"        Time  of,  136. 
Proof-plane,  333  (a)  ;  Exp.  39,  p.  3x2. 
Propagation  of  sound,  484. 
Properties,  Cliaracteristic,  19,  2x. 
"         Chemical,  15. 
"         of  matter,  13. 
"         Physical,  14,  15. 
"         Universal,  x8,  20. 
Provisional  theory  of  electricity,  337. 
Pulley,  192,  197. 
Pump,  Air,  288,  293, 
"      Force,  296,  297. 
*'      Lifting,  294. 
Pure  spectrum,  702. 

€1 
Quadruplex  telegraph,  446. 
Quality  of  sound,  528. 
Quantity  of  electricity,  387. 
Quartz  prism,  719. 

R 
Radiant  energy,  484,  500,  607,  644. 
heat,  610. 

matter,  59  {b) ;  Exp,  71,  p.  250. 
Radiation  and  absorption  of  heat  aod 

light,  721,  722. 
Radiation  of  sound,  484,  485,  500. 
Rainbow,  706-710. 
Random,  134.  • 
Range,  134. 
Rays,  Actinic,  719. 

Heat,  610,  616,  718. 
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ii 
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^^^^^^H 

NK^tt's  r./n-  'LP  far,igTa/i» 

■  >/>»  ^Atraiic  iKiicalrd.       ^^^^| 

Rays,  Obicwe.  6,7.  ,,a.  ,,9. 

Si^rcw  defined,  x&.                      ^^^^^| 

•■     ofllght.6,7. 

"     Endless,  >io.                     ^^^H 

"     of  sound,  500. 

"     Law  of,  ^.                       ^^^H 

■'     Theimid,  7,8. 
"     Ullni-rcd,  7.8. 

SKcBdiuy  atls,  6G4,  6n.  '           ^^^H 
-^  •-         battery.  ,15.               ^^^| 

'■      l/ltm-jiolet,  7.9. 

^H 

RBMlion,  J,,  93,  94,  „. 

(oct.  6B9W.                   ^^^H 

R«d|rfpeB.j3i. 

Refleclcd  niDtioD,  gfi,  97. 

Selenium,  App.  K  (4),                   ^^H 

ReBecUne  lelescope,  73.. 

Sensible  heat,  jSi,                         ^^^H 

RdflaXiaaafheBl,  Si»,  «3d. 

Series  jnininE  of  celU.  598.            ^^H 

"         ■•  llghl,  4JS-67S. 

Shadows,  651,                                                n 

"  soontl,soa-so4. 

"       Tou!  iDteiDHL.  6S1,  eaa. 

Shunu,  4=4. 

RefiacUng  telescope,  73., 

.Silver  plating,  4.=, 

Refraction,  Double,  743. 

iDdei  of,  s,B. 

of  heal.  6«. 

Sines,  N.tnn.1,  TnWoof,  App.  H.1. 

"  lietl,  67'-7'9- 

Siphon,  39§-3™. 

"  sound,  5<"- 

RefnictDis,  Kinds  of,  6^4. 

Smee'a  cell  qi  baltery.  J91, 

Reinforcement  of  sound    511-314,  5'6. 

Solar  energy,  ,46:  spentrnm,  70=. 

Soldering,  App,  B. 

ReUy,  TelegrBpliio.  445  (*). 

Solenoid,  fixp.  101.  p.  315. 

Repeater,  Telegnphfc,  445  (-^j. 

Solid  defined,  54,6,. 

Repulsion,  Electrio,  3«.  3^'  (a). 

Sonomeler,  Fig,  ^i  5>*  App,  Q. 

Sonorous  tubes,  jji. 

Residual  electric  charge,  35^.  App.  J. 

Sound,  Analysis  of.  Eip.  16,  p.  104! 

509  W. 

Re^aunce  ho«  ind  colls,  App.  M  (1). 

■•     beats,  S16.  517- 

"          Electric,  379,  App,  K. 

"     Cause  of.  48,. 

■■     defined,  477. 

App.M. 

"     Inlerferenceof,  jij. 

Iniornal,  383,  399,  400, 

"     media,  4S6. 

Specific.  App.  K  (=). 

■■     fropagalinn  of,  484. 

Resolution  of  forces,  gr,  199, 

"     yu.ltIyof,5»a- 

Resonance,  ^13, 

■■      Reflection  of,  50^^,504. 

"     Refraction  ol,  joo,  50.,  S'6.a<f. 

Resulunl  motlan.  79.  S;. 

"      Reinfoicemant  of,  511-514. 

Retentivity.  435. 

"     Eynttaesii  of.  999  (a). 

Rheostat,  App.  M  (>*). 

"     Timbre  of.  saB. 

Rivera  Flow  of.  :,S8. 

"    VeloeUy  of,  487^89. 

Roofc  s«1t  prism,  jiB. 

"     waics.  48(. 

RuhmfcOTTs  toil,  45* 

Sounder.  Telegmphlc,  445  W 

Rupert  H'rincel  drops,  App.  D, 

Sounding-board,  jio. 

a 

Sparli,  Electric,  36* !  Eip.  35,  p.  133; 

Safety-vslvE,  6,'>. 

Sanrt'i  bell  and  resooulor,  s"3  W- 

Scale,  Mnslc.1.  s«^s.3. 

Specific  gravity  defiiie.i.«.. 

Science  defined,  t. 

■'       of  B»«s.  ^8. 

■■      Physical.  9. 

m,uid5,i«.,iA 

Screens,  Mapie«<:,4J^ 

Wlid3,«i.»«- 
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Specific  heat,  596-60X. 

"       inductive  capacity,  352. 

"       inductivity,  352. 

"       resisbince  (electric),  App.  K  (2). 
Spectroscope,  703  (^). 
Spectrum,  700,  702,  704,  716-719. 
Spherical  aberration,  698. 
Spouting  liquids,  254-356. 
Sprengel's  air  pump,  290. 
Springs,  Intermittent,  301. 
Stability,  xi6. 

Standard  candle,  Ex.  5,  p.  482. 
Static  electricity,  see  frictional. 
Steam,  573,  594. 
Steam-engine,  635-643,  App.  S. 
Stereoscope,  735,  736 
Storage  battery,  415. 
Storms,  Thunder,  367.  [p.  252. 

Striking  distance  of  Leydenjar,  Ex.  ix, 
Stringed  instruments,  530. 
Strings,  Musical,  5x8,  519. 
Stubs'  wire  gauge,  App.  I. 
Submarine  cables,  359,  360,  App.  L  (3). 
Successive  electric  induction,  335. 
Sunbeam  analyzed,  716-719. 
Surface  electrification,  341. 
Surveyor's  compass,  439(a). 
Swan  lamps,  466. 
Sympathetic  vibrations,  509,  625. 
Synthesis  of  sound,  529  {a). 
"  white  light,  704. 

T 

Tandem  joining  of  cells,  398. 
Tangent  galvanometer,  App.  L  (i). 
Tangents,  Natural,  Table  of,  App.  L 

0). 
Tantalus's  cup,  301. 

Telegraph,  444-446. 

Telegraphic  plant,  445  {c). 

relay,  445  (3). 

repeater,  445  {d). 

sounder,  445  (a). 
Telephone,  468,  469,  505-507,  App.  O. 
Telephonic  transmitter,  507. 
Telescope,  731-733,  App.  T. 
Temperature,  539,  559. 
Temporary  magnet,  307. 
Tenacity,  48. 
Tension,  Electric,  326. 

*'        of  gases,  62,  26c),  2S»-2&7. 
Terrestrial  magnetism,  437-^^^^- 
telescope,  733. 
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Testing,  Electric,  App.  M  (x). 
Tests  for  electricity,  323, 333,  ^  w 
Theory  of  electricity,  337, 
Thermal  eSeets  of  electric  curre 

spectrum,  7x8. 

units,  579. 
Thermodynamics,  626, 

**  First  law  of,  6 

Thermo-electricity,  3XX,  374, 419-4 
Thermo-electric  pair,  430. 
'*  pile,  43X. 

Thermometers,  541-547,  Aop.  R. 
Thermometric  readings,  546. 

"  scales,  545. 

Thunder  storms,  367. 
Timbre,  528. 
Tin  tree,  Exp.  77,  p.  383. 
Toepler-HoHz  electric  machine, 

p.  332. 

Tones,  Fundamental,  534,  525. 

"      Musical,  49X. 
Torricelli,  374. 
Total  internal  reflection,  68x. 
Tourmaline  tong^  740. 
Transferrer,  392. 
Translucent  bodies,  646. 
Transmission  of  power.  Electric,  4  ^-♦' 

"  of   pressure  by  liq»A»^^ 

216. 
Transmitter,  Telephonic,  507. 
Transparent  bodies,  646. 
Trembler,  Electric,  447. 
Triangle  of  forces,  87. 
Tube  of  force,  App.  N. 
Tubes,  Acoustic  or  speaking,  495. 

*'      Sonorous,  531. 
Tuning-fork,  5io(^)-5i6,  539. 
Turbine  wheel,  265. 


U 

Ultra-red  rays,  718. 
Ultra-violet  rays,  7x9. 
Undershot  wheel,  263. 
Undulations,  478. 
Unit  of  electric  capacity,  359. 

"        '*       current,  385. 

*'        "       resistance,  380. 

'*        "       quantity,  387. 

'*  E.  M.  F.,  382. 

"  force,  68,  69. 


n 

it 

n 


kV 


INDEX. 


595 


•bers  refer  to  paragraphs,  unless  <4herwise  indicated. 


55f  475- 

3»  154- 
(electromagnetic),  451. 
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J20,  321,  399,  330,  359, 
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450- 

(electromagnetic),  452. 
rger,  358. 
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;,  227, 228. 
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568. 
water,  Heat  equiva* 

}f  no,  441. 
etic,  441. 
lent  of,  127. 

t»  653- 

scules,  62  (a), 
id,  487-489. 
App.  E. 

439i  440. 

itude  of,  140,  481,  493. 
idulum,  140. 
pathetic,  509,  625. 

"). 

less  of,  727. 

ice  of,  725. 

535  («). 


398-402. 

375.  390-397. 
375- 

y.  30s.  306, 373-418. 

see  cell. 


M(4r). 


Volta's  pistol,  Exp.  58,  p.  344. 
"      hail,  Exp.  39,  p.  340. 

W 

Water,  Expansion  of,  553,  554. 

*'      Heat   equivalent  of  vaporizaf 
tion  of,  594. 

'*      Maximum  density  of,  553. 

••      power,  360. 

*'      Specific  heat  of,  6ox. 

"      voltameter,  410. 

'*      wheels,  261-264. 
Watt,  475. 
Wave  length,  480, 482,  499. 

"     period,  479,  482,  498. 
Waves,  Coincident,  511. 

"      Reflected,   Exps.  8  and  9,  p. 
392,  Exp.  II,  p.  394. 
Wedge  defined,  205. 

"     Use  of,  206,  207. 
Weight,  33,  103. 

'*        Law  of,  105. 

Wheatstone*s  bridge,  App.  M  (9/), 

Wheel    and     axle,     Advantages    of 

180. 

"  "  *'       defined,  179. 

Forms  of,  184. 

Formulas,  i8a. 

Law  of,  183. 

Wheel  armature,  464. 

Wheels,  how  coMiiected,  189. 

Wheels,  Water,  261-264. 

Wheel-work,  185-188. 

White  light.  Composition  of,  704, 

Wind  instruments  530. 

"     power,  App.  H. 

Wire,  App.  L 

Work  defined,  150. 

•'    Unit  of,  153.  • 


Yellow  spot  of  eye,  724. 


Zero  of  temperature.  Absolute.  556 
Zincs,  Ama^amating,  388. 
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